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SECTOR. 


CHAP. L 


The deſcription, the waking, andthe generall wſe of 
SefFor. 


== Seftor in rm » IS a figure com- 
\'y prebended of two right lines contain= 
G3 \Ml ing an angle at the center, and of the 
v2 re Ts circumference aſſumed by them, This 
(Ne MG Ml Geometrical inftrument having two legs 
SY L >< | containing all variety of angles, and the 
F —— di{tance of the feere, repreſenting the 
ſubtenſes of the circumference, is therefore called by the 
ſame name. 

It containeth t 2 ſcuerall lines or ſcales, of which 7 are 
generall, the other 5 more particular. The hrſt is the ſcale 
of Lives dinided into a 100 <quall parts, and numbred by 
I. 2.3.4. F. 6.7. 8.9.10». 

The ſecond, the lines of Swperficies dinided into 100 
vnequall 


2 Th: deſcription of the lines." 

vacqua!l parts, and nu.nbred by 1. 2, 3. 4:5+6.7.8. 9g. 
10. 

3+ Thethird, the lines of Solids, dinided into 1000 vne- 
quall parts, and numbred by 1.1.1.2.3.4-5.6-7.8.9.10. 
4. The fourth, the lines of Swmes and Chords, diuidcd into 
go degrees, and numbred with zo. 20. 30. vato 90. 

i hcſe toureglines of Lines, of Swperficies, of Solids, and 
of $ines, arealldrawae from the center of the Seftor al- 
molt to the end of thelegs. Th:y are drawae on both the 
legs, that cuery line mayhauc his fellow. All of them are 
of one length, chat they may an{were one to the other. 
And <uery one hath his parallells, that the eye may the 
berter diſting 11th che diuiſions. But of the parallells thoſe 
onely which are ward moſt containe thexrue diuiſtions. 

There arc three other generall lines, which becauſe 
they arc infinite are plac d on the fide of the Settor. 

5. Thchcſt aline of Tangents nitbred with 10.20.30. 40 50. 
60. figaitying ſo many degrees from the beginning of 
the linc, of which 45.are cquall to the whole line of S:xes, 
the reſt tollow as the length of the SeFor will beare. 

6. The ſecond a line of Secants, diuided by pricks into 
60 degrees, 15 the ſame with that of the line of Taxgents, 
to which it1s joyncd. 

7. The third; is the Meridin line, or line of Rumbs, diui- 
ded yaequal!ly into d 'grees, of which the ficlt 70 are al- 
molt equa'! to rhe whole line of Sizes, th: reſt follow vn- 
to 85 according to the length of the Sefor. 

Of the patcicular lines inſerted among the generall, 

becaule there was voyd ſpace. 
8. The firſt arc the lines of Q#44yatare placed betwecne 
the lines of S»es, and noted with 10. 9. $8. 7. S, 6. 5. 
go. Q. 
9. The ſecon]J, th lines of Se7ments placed beriyeene the 
lines of Sines and Swperficies, diaided into 50 parts, and 
uu inbred withs.6.9.8.9. 10. 
to. The third, the lincs of [nſcribed bodies in the (ame 
Sphere, placed berweene the ſcales of Lines, and noted 
wich D.S.L C. 0.7, 11. The 


The making of the Seftor 

$1, The fourth,the lines of Equated bodies, placed betwen 
the lines of Lines and Sid: andnoted with D.1.C $.0.7 
12,T he fift, arc the lines of Afertalls, inferred with the 
lines of Equated bodtes (there being roome ſuthcient) and 
noted with theſe CharaRers O25 2.2.4. 

There remaine the edges of the Sefor, and on the one 
I hane ſet a line of Inches, which are the twelfth parts 
of a foote Engliſh : on the other a lecfler line of Tangents, 
to Which the Gnomon is Rading, 


2 Of the making of the Sector. 


|S a Ruler be firſt made either of brafſe or of wocd, 
like unto the former figure. which may open and 
ſhut vpqn his center. The head of it may be avout the 
tweltth part of the whole kength, thatit may beare the 
moue3ble foote, and yet the moſt part of the diviſions 
may fall without it, T henlec'a moucable Gnomon be let 
at theend of the moucable foote, and there turne vypon 
an Axis, fo as it may ſometime ſtand at a right angle 
with the feete, and ſometimes be incloſed within the teet. 
But this 1s well knowne to the workeman. 

For drawing of the lines. Vpon the center of the Sefor, 
and ſemidiameter ſomewhat ſhorter then one of the feet, 
draw an occult arke of a circle, crofling the cloſure of the 
inward edges of the Sefor about the letter T. 

In thisarke, at one degree on either ſide from the edge, 
d:aw rightlines from the Center fitting them with Para!- 
{e{ls, and denide them into an hundred equall parts, with 
lubdiu'fions into 2. 5. or 10. as the line will beare, but lect 
the numbers ſet to them, be onely 1-2. 3 4.&c, vato 10. 4s 
11 the example. Theſe lines ſo diuided, I call the lines or 
icales of Lines; and they are the ground of all the reſt. 

In this Arke at degrees oncither ſide, from the edge 
neereT, draw other right lines from the Cenrer, and fit 
them with Parallells. Theſe ſhall ferue for the lines of 


Sid, ” 


B 2 Ther, 
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; The deſcription of the lines: "2 

Then on the other fide of the Sefor in like o=ner ? 
ypon the Center & equall S m4 amter, !'  : 1 vt cr 
like Arke of a circie: x | « "C71 C2 CC Necre 
on either ſide from th. ©, re rhe icttey 2 draw 
right lines from 'h- center , aud 4 thera with parallells. 
Thc ſe ſhall ſeruc for the lines ot Sw-s, 

At 5 Degrees on either ſide from the edve neere 9, 
diaw other rizht lines fro » the center, and fic chem with 
parallclls : theſe ſhall terue for the lines of Swperfocres, 

Theſe fourc principail lines being drawne; and fitted 
with parallells, wee may draw other lines in the middle 
berweene the edges and the lines of Zines, which (hall 
ſerue for the lines of 5n{cribed bodves, and others betwecne 
the edges and che Simes for the lines of quadrature, And fo 
the reſt as in the example. 


3 Todinide the lines of Superficies. 


gets th Swperficies doe hold in the proportion of 
ncir homologall ſides duplecated. by the 29 Pro. 6, lib, 
Encl;d.1t you ſhall fird meane proportionalls between the 
whole fide, and cach hundred part of the like ſide, by the 
13 Pro Glib. Exclid.all of them cutting the ſame line,that 
line ſo cut hall contain the diuiſions required. wh-refore 
ypon thecenter Aand Sermdiameter equall to the line of 
Lines dclcribe a Semicircle A C B D,with A B perpendi- 
calar to the diameter CD. And let the Seinidia verer A D 
be divided as the line of Lines into an hundred parts, & A 
E the one halfe of AC diuided alſo into an hundred parts 
{o ſhall the diuifionsin eAE be the centers fro n whence 
you ſhall d-ſcribe che ſemicircles C 10. C 20. C 3o, &c. 
dividing the line AB ito an hundred vnequall parts: & 
this line A'B lo diuided ſhal be the line of Saperficies, and 
muſt be transferred into the Settor, Bur let the numbers 


ſerto them bee onely 8, 1. 2+ 3. vito 30. as inthe cx- 
amplc. | 


The deſeription of the limes? 75 

Or theſe lines of Swperficies may otherwiſe be transfor- 
red into the Sefor, our ot tlic line of Lines, by a table of 
ſquare rootes: For the rooce taken out of the line of Lines 
ſhall gine the ſquare 1n the lines of Sperficies. 

As,to inſcribe the diuiſion of 25inthe lines of Swperfi- 
ees;put fix ciphers to 25 and make it 25000000 then tinde 
thc ſq.roote of this number, which will b- 5000. 

Take therefore 5000, our ofthe line of Lines (ſuppo- 
ſing the whole line to be 10000) and it will giue the true 
diltance betweene the center, and the points of 25. in the 
lincs of Swperficser. 

So, for the diuilion of 30, put to 6 ciphers, and make it 
30009000, whole ſq. rootis 5477+ This (taken out of 
+ the line of Lines) ſhall giue the place for the points of 30, 
inthe lines of Swperficies. And the like reaſon holdeth for 
all the reſt, according co this following Table. 


If any pleaſe tomake vic of a Diagonal Scale, equall to 
the lme of Lees, he may pur vi!z ciphers to the number 
propol.d, and make the Table of Rootsto v. places; So, 
7 his worke will be more exate 


A Table of Square Rootes for the diniſion of the 
Lines of Superſicics, 
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4 Table of Square Roots for dinifionof the Lint of Super ficies. 
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4 To dinide the lines of Solids, 


[ QE"s like Solids do hold in the proportion of their ho. 
| mologall ſides triplicated, if you ſhall finde two meane 
* proportionalls berweene the whole ſide & each thouſand 
part of the like fide : all of them cutting the ſame two 
rightlines, the former oftholc liges ſo cut, ſhall containe 
the diuifions required. 

Wherefore vpon the center A, & Semidiameter equall 
to the line of Lines, deſcribe a circle and diu de it into 4 
equall parts (" E B D drawing the croſle diameters C B,£ 
D. \ hen diuide the ſemidiameter A C,firſt into 10 equall 
parts, and bereenthe whole line A D & A F, the tenth 
part of A C, feeke out two meane proportional! lines A 7 
and 4 H: again: betweene A D and 21& being two 
tenth parts of A C, fceke out two meane proormuona.ls 
AL and A K and (o forward in the reſt. So (hall the imc 
A ÞB, bediuided into 10 ynequall parts. 
Secondly 


5\6\>\ 8) 910 
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Secondly, diuide each tenth part of the line A (C* into | 

10 more, and betweene the whole line eAD, and cach of | 
"th them, ſceke out two meane proportionalls as before : So 
1h ſhall the line A ÞB bediuided now into an hundred vne- 

"(Pl quall parts. 

"F741 - Third y, If the length will beare it, ſubdiuide the line 
} | PA C once againe, each part inten more : and betweene 
41 the whole line A D and each ſubdiuiſion, ſecke two 
4 mc2ne 


AZ 


$ 


Table. 
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imeane proporti6nalls as before. So ſhculd the line 4 B 

be now divided into 10co parts. But the ruler being 

ſhorr, it ſhall \uffice, ifthoſe 10 which are neareſt the 
center be expreiled, the reft be vnderſtood ro be diute 

ded, thoughacually they be diurded into no moxe then 

5 or 2;a1d this ine L B fo dwided ſhall be the line of , 
Selids,and mult be transterred into the Se#o» : But ler the 

numbers ſer to chem be onely 1. 4. 1, 2+ 3. &c. vnto 10 as 

in the example. 

; Or theſe lives of Solids may otherwiſe be: transferred, 


A Table for the vt: of the Chaine; 
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LAT able of Cubique Rovies, 


The deſeription of the lines, 


't 
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Secondly, diuide each tenth part of the line A (* into 

10 more, and betweene the whole line eAD, and cach of | 

them, ſecke out two meane proportionalls as before : So | 
ſhall the line A ÞB bediuidednow into an hundred vnes 

+ quall parts. 

Iit- Third y, If the length will beare it, ſubdiuide the line 
0 (i A C once againe, cach part inten more : and berweene 
a the whole linc XD and cach ſubdiuifion, ſecke two 
mc2nc 


: 
' 
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The deſcription of the lines.” S 
'meane proportionalls as before. So ſhculd the line 4 B 
be now divided into 10co parts. But the rulcr being 
ſhort, it ſhall ſuffice, ifthoſe 10 which are nearcſt the 
center be expreiled, the reft be vnderſtood to be diute 
ded, thoughaQually they be diurded into no more then 
5 or 2, xd chis lice 4 B ſo dwided ſhall be the line of 
Selids,and muſt be transferred into the Sedo» : But ct the 
numbers ſer to chean be onely 1. 4. 1, 2+ 3. &c. vnto 10 as 
in the example. 

Or theſe lives of Solzds may otherwiſe be; transferred, 
into the Seffor, our of the linc of Z+nes (or rather, out of 
a Diagonall icale cquall to the line of Lines) by a table of 
Cubigue Roots, For the Root, token out of the line of: 
Zxes, (hall giue the Gube in the lines of Selzds, 

As to inſcribe the diuifion of 125 in the lines of Solids; 

ut xij. ciphers to 125, and make it 125000000000000 : 
hen find the cubique Root, of the number, which will 
be 50000. Take therefore 5o0oo out of the line of Lines, 
(fuch as the whole line is 100000) and it will giue the true 
diſtance berwecne the points of 125 inthe lines of So/1ds, 

So, for thediuiſion of 300, put to xij. ciphers morc and 
make it 300000000000000, whole cubique Root. is 6694 3 
T his, taken ont of the line of L:ws, ſhall give the place 
for the points of 3co'in the lines of Solids. And the like 
reaſon holdeth for all the reſt, according to the cuſuing 
Table. 


LAT able of Cubique Rovies, 
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s To divide the lines of Sines and Tangents on the 
fide of the Setter. 


\ Fear ro M, and ſcmidiamcter call ro the 
lineof Lings deſcribe atmicixcle 4B C D,with 4 
B, perpedd cular tothe diamecer C DP. Then diuide the 
qguadran's C B, B D, each of chem into 90. and ſubdiuide 
cach degr-e 1:to 2 parts. For yours. 4 lines be drawae 

rallell to the diameter C D, through thele 90. and their 


ub4iuifion. they ſhall diuide the perpendicular LB 
vacqually into go. 


)/ 
(/ 


'Y To / 


i 


{go DD: 


ADBDUR 


And this line A B fo dinided ſhall be the line of Swez, 
and muſtibe transferred into the Sefor, The n1mber ſer 
q them arc to be 10. 20, 3o-&Cc ynto 9o as in the exam- 
ple. 

if now4n- the point. D, vito the diameter C'D, we 
hall raiſe a rpendicular D E.and to it drawe Treight 
lines from the center 4;through cach degree of the F 

rant 


The arſeription of the lines.” T3 
drantD B theſe (treight lines ſhalbe ſecanrs, and this per 
pendicular ſodiuided by them ſhall be the line of Tan 
gents, & mu't be transferred vnto the (ide of the Sefor. 
I he number ſet to- them, are.to be 10. 20. 30. &Cc. as 
in che cxaample. | | 

It berweene A and D, another ſtreight line G F, be 
drawne paralleil to D E, it will bed1u1dcd by thole lines 
from the center ia like fort as D E 1s diuided, and it may 
{.ruc fora leder line of Targeny, to be letonthe edge of 
the Seltar. | 

It the compaſſes ſhall be extended, from C, to each de- 
grec of the Quadrant, ( ÞB, and choſe extents transferred 
to one line (C A) this iine C A ſodiuded into 60 (or 
rather, into-90. gr) ſhall be a line of Chords, and may be 
ſet on ſome.voyd place of the SeFor, 

'Thelc lines of Sanes and Tangents,may yet otherwiſe bt 
transferred into the Seffor out of the line of Lines, (or 12+ 
ther out of a diagonall Scale equal! ro the line of Lines, }by 
tables of Sincsand I angents» 

For the Sine of go.gr.being equall ro the whole Line of 
lines of 100000, parts, the Swe of 30 gr. will bc equall to 
50000 ( halte the Line of {iwes ; ) and the Sine of 45. gr. e- 
quall to 70710 parts of the /ixe of /ines, accord to the viu- 
all table of Jmne s. 

In like manner the Tangent of 45 g. being e<quall to the 
whole Line of /mes, the tang. of 49 deg. will be equall to 
83910 parts of the Line of {ines : and the tang.of 50 degr. 
equaltto 119175, thatis, to one R44:4 ( or whole Line ) 
and 19175 parts more of the ſame line of /ines, according 
to the old table of Tangents. 

And ( vponthe fame ground ) the Secant of 40 gr. will 
be cquall to 130540, that is, one Radins, and 30540. parts 
of the Line of {ines : and the Secan: of 50 degr. equall to 
155572,and fo the reft , according to the like Table of 
Secants, 

The Line of Chords may x! fo be divided by help of the 
Tablc of Sizes , and {ze of Imes, For the double /ime of 

| - G1 balte 
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4 The deſcription of lines; 


balfe the ark, taken out of the /ive of /ines , will giue the 


chor d. 


As, if the Ark propoſed were 60 gr. The halfe of this 
Ark is 30.degr. and the ſize thereof 50000, which being 
doubled make 100000, the whole {4ne of />nes, equall to a 
chord of 69 degr. 

So, for the chord of yo depgr. The halfe ark.is 45 degres, 
and the ſine thereof 70710. which being doubled, make 
1414240. ( that is, ) one Radix and 41420 parts of the 
line of lines, equall to the chord of go gr. required, 


6 Tojbew the ground of the Setter, 


Et A B, AC, repreſenttheleggsof the Sefor : then 
ſcing theſe two AB, AC, are cquall, and their 
ſections AD, A E, alſo equall, they (hall be cut proporti- 
onally : and if we draw thelines B C, D E, they will be 
arallell by the ſecond Pro. 6 lib. of Exnclid, and fo the 
riangles ABC.ADE, ſhalbe equiangle; by reaſon 
ofthe common angleat A, and the equall angles ac the 
baſe, and therefore ſhall haue the ſides proportionall a» 
bout thoſe cquall angles, by the 4 Pro. 6 lib. of Exclids 


The fide A D, ſhalbe to the fide A B, asthe baſis DE, 
vnto the parallell baſis BC, and by conuerſion AB, ſhall 
be vnto A D, asBC, vntoD E; and by pern utation A 
D, ſhallbevnto DE, as AB, to B C. &c. So that if A D, 

c 


The ground of 1he Seftor; 'T; 


be the fourth part of the ſide AB, then D E, ſhall alſo be 
the fourth part of his parallel! baſis B C. The like reaſon 
holdeth in all other ſeRions. 


7 Toſhew the general ve of the Seitor, 


Here may ſome cocluſions be wrought by the Sefoy, 

euen then when it is ſhut, by reaſon that the lines arc 
all of one length 3 but generally the vſe hereof conliſts in 
the ſolution of the Golden rule, where three lines bei 'g 
giuen ofa known denomination, a fourth proportionall 15 
to be found. And this ſolution is diuerſe in regard both of 
the /ines, and of the entrance into the worke. 

The ſolution in regard of the /ines is ſometimes ſimple, 
as whenthe worke 1s begun and ended ypon the ſame 
lines, Sometimes it is compound, as whenitis begun on 
one kind oflines, and ended on another. It may be begun 
ypon the lines of Zs»esz8 finiſhed vpon the lines of Swper- 
ſcies. It may begin on the Sines, and end onthe Tangents, 

The ſolution in regard of the extrance into the worke, 
may be either wi:ha parallel! or elſe /aterall on the (ide of 
the Ser, cal it parallell entrance,or entring with a paral 
tell, when the two lines ofthe firſt denomination are ap- 
plied in the parallells, andthe third line, and that which is 
ſought for, are on the ſide of the Sefor, | call it /aterall ex- 
trance, or entring on the fide of the SeZor, when the two 
lines of the firſt d:nomination are on the (ide of the Se- 
For, and the third line and that which is to be found out, 


doc ſtand inthe parallclls. 
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As for example, let there be gigen three lines A,Z,C to 
which Iam to find « fourth proportionall. let A, meaſured 
inthc line of /szes, be 40, B Fo, atid C 6o, and ſuppoſe 
the queſtion bethis, If go Honthes giue 5o pownds,what 


"| ſhalt 602Here are lines of twodenominati6s,one of months + 
þ- another of pownd-, and the firſt with which 1 am to cnter ? 

6 mult be that of 40 monthes, It thenI wonld enter with 4 

ft parallel, firlt I take A, the line of 4o, and put it ouer as a 

(i parallell in 5o,reckoned in the line of /znes,on either ide of 1 


the Seftor trom the center, ſo as it may be the Baſe of an 

| Jſoſcbeles triangle B A C, whole ſides A B, AC are cqual 
| to B, the linc ofthe ſecond denomination. 

Then 


The geverall of of the Seitor? "7 
Then the Se&oy being thus opened, I rake C the line 
of 60, betweene the feerr of the compaſſes, and carrying 
” thempeelellto B C,l finde them to croſſe the lines A B, 
3 AC, on the fideof the Seforin D and E, numbred with 
75, wherefore | conclude the line A D, or A E, is the 
fourth proportionall and the correſpondent number 75 
Whieh was required. 
E 
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But if I would evter on the ſide of the Sefor, then would 
I ditpole the lines of the firtt denomination A and C, in 
the hne of Lines, on both ſides of the Sefor, inAB,AC, 


& in A D, AE, ſoasthey ſhould all meere in the center * 


A,and thca taking Þ the linc of the ſecond denomnati- 


an put it oucrasa paralellin B C,ghat it may be the Baſis © 


of the I{oichelestrianglc B A C, (whole ſides AB, A C, 
are cquail ro A, the firit line of the firit denomination, ) 


for fo the Sefor bcing thus opened, the o:her parallel ' 
from D to E, (hall be the fourth proportionall which was ? 


required, and if it be meaturced with the other lines, it ſhal 
be 75, as before, 


In both this manner of operations, the two firſt lines *? 


do ſerueto opt the Setter to his due angle, the difference 


betweene them is eſpecially this chat in paralelentrance, | 


the wo lines ofthe firſt denomination, are placed in the 
parallells B C,D E, & in/aterall entrance they are placed 
on both fides of the Seftor, in AB, A Dandin AC,AE. 

Now in /izpple ſolution which is begunand ended, vpon 
the ſame kinde of lines, it is all one which of che twolatter 
lines be put in the ſecod or third places. As in our exaple 
we may ſay ,as 40 areto 50,060 vnto 75,or elſe as 40 are 
to Go, ſo 50 vnro 75, And hence it comcth that we may 
enter both witha para/lell, & onthe fides two manner of 
wayes a cithcr entrance,and ſo the moſt part of queſtions 


may be wrought 4 ſeuerail wayes, thoughati the propo» | 


fitions following , I mention onely that which 1s moſt 


conuenient. If any haue not the Settor, he may make vic | 


of the former figure, as in our example, where we haue 


3 numbers giuen (40. 50. 60.)to finde the fourth Pro- * 


portionall. 


Firſt, draw a right line (AD) to repreſentone of the 
lincs of the Se&or. Thentake out the firſt number (40) 


- 
o « a 
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out of the line of Zines, and pricke it downe from A to B; | 
and on the Center (A, )and Semidiameter (A B ) deſcribe | 
an occult arke of a circle from ÞB towards C. In like 


manner, take out (60) the other number, of the furſt deno- 


muon , 
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| miuion) and pricke ir downe fromeLto D, And on the 
center ( A,) and Semidiameter (AD) deſcribe a iecond 
7 arkeofacircle, from D toward E. That done, take the 
' third number (50) andinſcribe it into the firſt arke from 
> B«oC;andlaying cheruler tothe center ( A )and the point 
C, draw the right line (4 C\) out in length, cill ir cut 
the ſecond arch in the point E. So the diſtance from D 
to E(taken and meaſuredin theſame fcale with the third 
number) will giue the 75 for the fourth proportionall. 
Thus much for the generall vie of the Sestor, which 
being confidered and well underſtood, there is nothing 
hard tn that which followeth, 


CHAP. II. 
The woſe of the Scale of Lines 


1 To ſet downe 4 Line, reſembling any ginen parts 
or fraction of parts. 


Tz lines of Lanesarediuided aftually into 100 parts, 
but we haue pat onely 10 numbers in thems T hele 
we wouid haue to (ignifte either themſclues alone, or 
ten times them'elues, or an hundred times themſelues, or 
a rho'11a_ d times themſelues, as the matter ſhall require, 
As if the nnainbers ginen be no more then 10, then we 
may thinke thelines onely dinided into 20 parts accor- 
ding to thenumberſet to them. 1f they be more then 
10, and 1;0t more then 106, then cither line- ſhall con- 
taine 100 parts, and the numbers let by them ſhall be in 
value 10. 20 30, &c. asthey arc diuided aQvally. If yet 
they be more then 200, then euery part muſt be thought 
to be diuided into 10, and cither line ſhall be 1000 pats, 
and th- rumbers et to them ſhall be in value 100. 209, 
500, and fo forward Rl] in reafing them(iclurs by 1G» 
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This being preſuppoled, we may namber the parts and - 


fraction ot parts giuen in the line of lines ; and 
out the diſtance witha paire of compaſſes, ſet it by , for 
the line ſo taken ſhall reſemb'e the number ginen. 

In this manner may we fct downe a line reſe bling 
75, it either we rake 75 out of the hundred parts, into 
which one of the line of /ines is acnally diuided, and note 


itin A, or 7; of the firſt 10 parts, and note it in B, or one-- 


Jy 2. of one of thoſe hundred parts, and note it in C, Or 


i! this be either to great orto (mall, we may run a Scalc. 


at pleaſure, by opening the compaſſc ro ſome ſmall di- 
ſtance, and running it ten tim's oner, then opening the 
compaſle to thelc ten, run them ouer nine times more, & 
ſet figures to them 3s inthis example, and our of this we 
may take what parts we will as before. 

To this end | haue diuided the line of inches on the 
edge of the Settor, fo as one inch containeth 8 parts, a:0- 
ther 9, another, 10, &c. according as they are figured, and 
as they are diſtant from the other end of the Sefor,that ſo 
we might haue the better eſtimate. 


2 Toencreaſealintin a ginen proportion, 
3 Todiminiſh «line ina giutn proportion, 


T Ake theline giuen with a paire of compaſſes, and 
openthe Sedor, ſoas the feerte of the compaſſes may 
ſtand in the poiats of the number giuen, then keeping 
the Setter at this angle, the parallell Elance of the points 
of the number requued, ſhall gue the line required. 
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Let Abealine 9 to be increaſed in the proporti- 
onof3 tos. Firſt I cake the line A, with the compaſſes, 


X 


| 


and open the Sefor till I may pus it ouer in the pr? & 
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of 3and3, ſo the parallell betweene the poynts of 5 & 5, 
doth giue me the lane B, which was required. 

In like manner, if Þ, be a line giuen to be diminiſhed in. 
the proporti6 of 5 to 3, | taketheline B & to it open the 
Seftor in the poynts of 5, ſo the parallell berweene the 
poyntsof 3,doth giue me the line A, which was required. 

It this manner of worke doth not ſwilice, we may mal- 
tiplie or dinide the numbers giuen by 2, or 3, or 4-&c, 
And ſo worke by their numbers equimeltsplices, as for 3 
and 5, we may openthe Sefor in 6 and 10, or elſe in 9 
_—_— orelſc in 12 and 20,orin 15 and 25, orin 28 and 
30. &c. 


4 To dinide a line into parts given. 


T= theline giuen, and open the Sefoy according to 
the length of the ſaid line 1n the points of che parts, 
whereinto the line ſhould be diuided, then keeping the 
Settor at this angle. the parallell diſtance betweene the 
points of x and 1 ſhall divide the line giuen into the parts 
xquired, 


FE | Cents 
Let AB, be the line given to. be diuided into five 
parts, firſt I rake this line A B, and to ir open the Seffoy 
in the point of 5 and x, fo the parallel! berweene the 
points of 1 and x, doth giue me theline A C, which doth 


diuide it into the parts required, 
10 1+ T5 2} 
A C bh 3 


Orlet the like line A B, be to be dinided into twenty 
three parts. Firſt I cake out the line and put jg vpon the 
Dy Seftor 


22 Thewſe of the lints of Limes, 
Seftoy in the points of 23 , then may I by the former pro- 
poſition diminiſhit in AC, C D, in the proportion of 
23,to 10, and after that diuide the line A C into 10, &c, 
As before. 


5s To finde aproportion betweene two or more 
right lines ginen, 


= the greater line giuen, and according to it open 
the Sefor in the points of 100 and 100, then take the 
lefler lines ſeuerally, & carry them parallel! co the greater, 
till chey ſtay in like points, fo the number of points 
Wherctn they ſtay, (hall ſhew their proportion vnto 100, 


A 3 
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Let the lines giuen be AB, CD, firſt I take the line CD, 
and to it open the Seftor in the points of 100, ard 100, 
then keept g the Sefor at this angle, I enter the l. ler linc 
APB,parallcll to the former,and finde it to croile the lines 
of Lines inthe points of 60. Wherefore the proportion of 
ABtoCD,isas Go to 1006, 

Oc if the line { D, be greater then can be put over in the 
poynts of 1co, then 1 admit the leller line A B, to be 100, 
and cu:ting of C E equallto A B, 1 'finde the proportion 
of CE,vnto E Dto be as 100,almoſt to 67;ayherefore this 
way Y proportioof ABvn:oCD,1s as 100 vnto almoſt167 

this propoſit!on may alſo not vnhtly be wrought by 
any other number, that admits ſeucrall diuitions, and 
namcly, by the numbers of 60. And lo the lefler line will 
þ- tound :o be 36, which is as before 1a leſſer numbers, 
a» 3 vato 5.lt may allo be wrought withont opening the 
Seftor,For it the tines bezweene which we leek a proporti+ 
0, be applyed to the lines of Lines, (or any other Scale of 
«£quall parts):hore will be ſuch proportion found between 
| them 
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them, as betweene the lines to which they are equall. 


6 Twolines betng giuen to finde a third 
incontingall proportion. 


Irſt place both the lines giuen, on both ſides of the 
Sefor from the Center and marke the termes of of their 
extenſion, then take out the ſecond line againe, and to 
it open the Seor, in the termes of the firlt line,ſo keeping 
the Sefor ar this anple, the parallell diſtance betweene the 
rermes of the "nin. line, ſhall be the third proportionall, 
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k Let the evo linesgiuenbe A B.A. C, which I cake one and 
| place on both ſides of the SeFor,fo as they all meete in the 
center A, let the termes of the brit line be B and B, che 
rermes of the ſecond C and C.Thendocl rake out AC the 
trecond line againe, and to it open the Setter in the termes 
B B_ So the parallell berweene C and 'C doth ginuc me 
the third line in continuall proportion. For av A Þ 1s yato 
el C, ſo BB, equall to MC, is vato CC. 
7 Three lines being given te finde the fourth 
in diſcomtinuall proportion. 

He the firſt line & the third are to be placed on both 
A 4 ſides of the Sefor from the center,then take out the 
ſeccond line, and to ir open the Sefor in the termes of the 
firſt line. For fo keeping the Sefor ac this angle, the paral- 
lell diſtance betweene the termes of the third line, (halbe 


the fourth proportionall, 
Let the three lines giuen be A, B, C. 
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Firſt 1 take ovt A and Contanee them on bothfides of 

the Sefor,in A B, A C,and A D,A E,laying the beginning 


of both lines at the center A,then do I take our B the ſc- 
| cod line, according to it I openthe SefFor in B and C,the 
cermcy 
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rerrges of the firſt line : To the parallell berweene D aid E, 
doth giue methe fourth rtionall which was required. 

As in Arsthmerique,\c lufficcth if the firſt and third num« 
ber giuen be of one denomination, the ſecond & the fourth 
which is required be of another. For one and the fame de+ 
nomination 18 uot required necalarily in- them atl; SO m 
Geometrie, it | thceth it the fides A B, AD,rclembling the 
firit and third lines giuen be wcaſured in one Scale, aud the 
parallel's BC, D E be meaturcd m ano.h r. Wherefore 
knowing the preportion of A the firſt tine, and C the third 
lice, by the hf: prop.before Which is here as $ to 1 2 & delice 
ding in 'efler nabersi- as 4106 ,0ras 2 to 3or aſcending into 
greaier num ers, a5 16 ynto 340r 18 to 27, Or 20 to 3O, or 
30to 44,0140 to 60 &c. fthe Seftoy be opened 1n the points 
of 8 and 8,tothe quantity of Z, the (econd line giuen, then 
a parallell betwecene 1 2 and 12, (hal! giue D E, the fourth 
line required. So likewiſe it 1 be opened in 4 ard 4, then 
a parallcll berweene 6and6, or if in 16 and 16, then a paral- 
lell betweene 24 and 24 ſhall giue'the ſame D E. And lo in 
the rclt, 


8 Toacuid: 4line in ſuch ſort 4s another line 
ts before diuided 


F 'r{t rake out the line giuen, which is already dinided,and 
aying iron both fids of the Seftor from the center; mark 
huw tarre it extend<cth, Then take our the ſecond luc which 
1s to be diuided,and to it 0;.en the Sefor inthe rermesot the 
firit line. 1 h1s done, rake out the parts of the firit line, and 
place chem a to 0! the fame fide of the Sefoy from the cen= 
ter.Forthe p rallells taken in the rermes of theſe par:s, ſhal 
be the corre porident parts in the line which is to b« diu'ded 

LeteA B, be aline diuded in Dand E,andB C,rhe lae 
which | am to divide in tuch fort, as A Þ is diwuided. 

"viſt Trake ow theline A B, and place it on the line of 
Lines m AB, AC both from the center 4, then take | ot 
the {ccond B C, and to it open the Seftor in B and C, the 
E terwes 
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termes of the firſt line. The Sefor thus opened to. his due 
ang'e, I rake out A D and A E,the parts of the firſt lint A B, 
_ place them alſo on both the ſides of the Seffor A D, 
AE, fo the parallell D D,giueth meB F,and the parallell Z, 
E, giueth me 3 G, and now the line B C,is diuided in F & G 
as is the other line 4 ByinD and E which is that which was 


required | | 

If the line 4 B, were longer then one of the ſides of the 
Ruler, then ſhould I finde what proportion it hath to his 
parts A D,eA EF, andthat knowne 1 may worke as before in 
the former propoſition. 


9 Two numbers being giuen to finde athird 
in continuall proportion, 
. 


| 3b reckon the two numbers giuen on both ſides of the 
lines of Lines from the centcr, and marke the tcrmes to 
which either of them extendeth, then take out a line reſem- 
bling the ſecond number againe , and to it open the Settor 
in the termevof the firſt number, for ſo keeping the Settor 
at this angle, the parallell diſtance betweene the termes of 
the ſecond laterall number, being meaſurcd in the ſawe 

Scale 
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Scale, from whence his parallell was taken, ſhall gine the 
third number proportionall. F 

Ler the two numbers giuen be 18, 24, theſe being re- 
ſembled in lines, the worke will be in a man.1er all one, with 
that in the ſixt Prop. and ſothe third proportionall numbcr 
will be found to be 32. 


10. Three numbers being giaen to find a fourt9 
i drſcontinuail proportion, 


"EF ſolution of this propoſition, is in a manner all one 
with that before in the ſeuenth Prop. onely there 
chay be ſome difficulty in placing of the nu 1.bers. To avoyd 
this, we muſt remember that three numbers being giuen, 
the queſtion is annexed but to one, and this mult allwayes 
be placed inthe third place,that which agrees with this third 
number in d:-nomination, ſh:ibe the firſt number, and. 
that which remaineth che ſecond number. This being cgn< 
ſidered, rcckon the firſt, and third num hich are of the 
firſt denomination on both ſides of the lines of Zines from 
the center, and marke the termes to which either of them 
extendeth, then take out a line reſenbling the ſecond num- 
ber, ai:dto it open the Sefor in the termes of the firſt num- 
ber, for ſo keeping the Sefor ar this angle, the paral.cll dif- 
tance btweene the termes of the third laterall number, be- 
ing mcaſurcd in the fame Scale trom whence his parallel 
was taken, ſhall giue the fourth number proportionall. 

As if a queſt'on were propoſed in this manner 20 yards 
coſt 8T, how many yards may we buy for 12 F? he-re the 
queſtion is annexed to 12 ; and therefore it ſhall be th- thud 
number, and becauſe 8 is ot the ſame denomination, it (hall 
be the firſt number, then 10 remain:ng, it muſt be the fecond 
number, ſo will they ſtand in this order, $, 10, 12. Thc be, 
ing reſembled inlines, the worke will be in a manner the 
ſame, with that in the ſeventh Prop, and the fourth pro. 
portionall number will be found to be 15. For as 8 atc to 
To, {012 unto 15, / 
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And this holdeth indir. & proportion, wh:re,As the fi:ſt 
number is to the ſecond, fo the third to the tayfth, So that if 
the third nu'nber be greater chea the brit, the fourth will be 
greater chen the ſecoud, or if the third number bc lefle then 
the firſt, che fourch will be leile then the ſecond, bur in 
recyprocall proportion , commo'1'y called the Backe rule, 
wh. re by how much the firſt number is greater then the 
third , fo mich the leco.1d will be Ietle then the fourth, or 
by how much the fir't number is lefſe then the third , to 
much the {ccond will be :reacer then the fourth. The man- 
ner of working mu't be contrary, that 15; the Seto is to be 
opened in the rerm $ot the third number , and the parillell 
reſembling the number requir.d , 1s to be found b-tweene 
the termes of the fir it number , the reſt may be obſcracd as 
before, as for cxatnplc, 


If twelue men would raiſe a frame in ten dayes, in how many 
dajes would ergh' men raiſe the ſame frame? Here becauſe the 
fewer men would re langer time, though the numbers be 
32, 10, 8, yet thefourth proportionall will be found tobe 15. 


$2 if bo yards, ef three quarters of a yard in bredth  wonld 
Dang round about a roome. CFit wer required fo hnow how many 
Jards of halfe a yard in bredth, wonla [erne for the ſame roome, 
The fourth proportionall would b: found to be YO. 


Souf to make 4 foote/mperficeall 12 inches in breath doe require 
12 znches in length,C* the breath being 16znches ut were requt- 
red to know the length. Here beca '{e the more breadth the leſſo 
length, the fourth proporttonall will be found to be g. 


Soifto make a Solid foote , a baſe of 144 mnches, require 1% 
inches in hight,and a baſe geuen being 216 enches it were FeqQuiee 
red ro know how many #»ch: $4t ſhall hauein hight, The fourth 
proportionall would be found ta be $, 


This1:ſt propoſition of fandingt a fourth proportionall 
number 
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number, may be wrought alſo by the lines of Sepe:rfictes, and 
by the lincs of Solids 


CHAP. III. 
The fe of the lines of Super ficies. 


1 Tofjinde a proportion berweene two or more like 


Supe! hi. 1CS, 


"x Ake one of the ſides of the greater Swperficies giuen, and 
according to it open the Sefor in the poi-1ts of 100 ard 
io0, 1n the lines of S»perficres, then take the like ſides of che 
Icfſer Swperficzes leucrally, and carry them pdral'ell tothe for: 
m:r, till they ſtay in he points, ſo the number of points 
wherein chey ſtay, thall ſhew their proportion vnto 100. 


Let AandB, bethe ſides of like S»perficres, as the ſides of 
two {quares, or the diameters of two circles, firlt | take the 
64d- A, ad coit open the Sefor in the points of 100, then 
keeping the Settor to this angle, | enter the leſſer fide B, pa- 
rallcll ro the former,and finde it to crofle the lines of Swper- 
ficies inthe poincs of 49, whercfore the proportion of the 
Super ficies, whole (ide is A, to that whole ide is B, is as 100 
vnto 40, which 's11 lefſer number, as 5 vivo 2. 

T hi« propoſition migh: hauc beene wrought by 60, or 
any other number that admits ſcucrall dinifions. It may allo 
be wro 'ght without opening the SeZtor, for if the ſides of 
the Superficier given, beavplied to the lines of Swperficies 
beginning alwayes at the center of the Sefor, there will be 
fuch proportion found berwceene them, as berweene the 
E 3 number 


30 The aſe of the line of Supetficies? 
number of parts whereon they fall, 


2 Toangment a Super ficies in aginen Proportion. 
3 To a1min.ſha Super ficies in a ginen Proportion. 


Ake the (ide of the Swperficies, and to it open the Seftoy 

in the points of the numbers giuen ; then keeping the 
Settor at that angle the parallell diſtance between the points 
of che number required, (hall giuc the like ſide of the Sypere 
ficies required. 


F 
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Let eF be the ſid: of a Square to be augmented in the 
proportion of 2 to 5. Firſt I take the ſide A, and put ic oucr 
Mm the lines of S-perficies, in 2 and 2; ſo the parallell between 
5 and 5,doth giue methe fide B, on which if I ſhould make 
a Square, it would haue ſuch proportion to the ſquare of A, 
aS5 vnto2. | 
In like manner if B were the ſemidia reter of a circle to be 
diminiſhed in the proportion of 5 unto 2,1 would take out 
B,and put it oucr a: lines of Swperficies, in 5 and $5; fo 
the parallell betweene 22nd 2 would gige me 4; on which 
Semidiameter if | ſhou'd make a circle, ic would be leflc then 
the circle made upon the Semidiameter B, in ſuch propor- 
tion as 2 is [cfſethen 5. 

For varictie of worke the like caution may b: here ob- 
ſerved to that which we gauec in the third Proportion of 
Lines, 


4 To adde one life S uper ficies t0 another. 
5 To ſubtratt one like Super ficies from another. 


F [r{t, the proportion betweenelike ſides of the Swperfictes 

&'v21, 1870 be found by the firſt Prop. of Swperficies, 

ken ade or fub raR che numbers of thoſe rgornn 
all 
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The vfe of the line of Superficies, 3t 
2nd accordingly augment or diminiſh by the former 


Propo 50%, 
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As if Aand Þ were the fide of two Squares, and it were 
required to make a third Square equall to them both. Firſt 


the proportion betweene the Squares of Aand B,would be * 


found to be as 100 unto 49, or inthe lefſer numbers as 5 ro 
2; then becauſe 5 a1d 2 added doe make 7, I augment the 
ſide A. in the proportion of 5 to 7,ard produce the (ide ©, 
on which if 1 make a ſquare, it will be equall to both the 
ſquares of A and B, which was required. | 

Inlike manner A and Þ being the ſides of two, Squares, 
if it were required to ſubrratthe ſquare of 'B our of the 
ſquare of A, and to make a ſquare e<quall to the remainder, 
here the proportion being as 5 to 2, becauſe 2 taken out of 
5 the remainder is 3, I would diminiſh the fide A in the 
proportion of 5 to 3, and ſo 1 ſhould produce the fide D, 
on which if I make a ſquare,it will be equal to the remain» 
der when the ſquare of Bis taken out of the ſquare of 4, 
ehat is, the two ſquares made vpon B & D, ſhall 5. cquall 
to the firſt ſquare made vpon the ſide ef. 


6 To finde a meane proportionall betwecne 
two lines given, 


| Sup find what proportion is betweene the lines giuen, 
; they are lines, by the fifth Prop, of Lines, then 
open the Sefor in the lines of Swperficies, according to his 
number, to the quantitie ofthe one, and a parallell! taken 
betwrene the points of the number belonging to the ather - 
liac ſhall be the-meane proportionall, 
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The wſe of the lines af Superficies? * 
Let the wn x, ue eAand C, The proportion be: 
tweene themas they arc lines will be found by the fitthpre 
polir. of lines to beas 4to 9g. Wherefore | take the line C, 
and put it over tothe lines of Swperfictes berweene 9 and 9, 
and keeping rhe Settor at this aug'c, his parallcli betwecn 
4 and 4dothgive we B forthe mcanc proportionall, Then 
for proote of the operation I may taketi is line B, and put 
it over betweene9 and 9g; 1o his parallell berweene 4 & 4, 
ſhall give me the fiſt line A. Whereby it is plaine that 
thele three lin:s doe hold in continuall proportion ; ard 
therefore B 1s a meauc proportionall betweeene Aand C 
the extremes given. 

Vpon the finding out of this meane proportion depend 
many Corollatics, as 


to makeas quare equalite a Super ficies ginen, 


T* the Swperficiesr giuen be a retangle porallellogram , a 
meane prop ortionall betweene the two vnequall ſides ſhall 
be the ſide of his cquall ſquare. 

If i ſhall be atriangle, a meane proportion betweene the 
perpendicular and halte che baſe ſhall be the fide of his equall 
ſquare. If it all be any oth«r right-lined figure, it may be 
relolued into triangles, and ſo a fide of a ſquare townd equall 
to euery triangl-; and theſe being reduced inre one equall 
ſquare, it ſhall be £quall ro the whole right-lined figure 
BUEN» 


To finde a proportion betweene Swperficies, though they 
be unlike one tothe other, 


F to every Swuperficies we find the ſide of his equall 
:quare, the proportion betwcene thele {quares, ſhall be 
the proportion betweene the Swperfecres given. 


Let 
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Let the Swperficies given, be the oblonge A, and the tri- 
angle B.Fuſt between the vnequall ſides of A,I finde a meane 
proportional, and note itin {: this is the fide of a ſquare 

uall unco A. Then betweene the perpendicular of B, and 
half. his baſc, I ſinde a meane proportionall, and note it in 
B : this is the fide of a Square« quall to FB : but the propor- 
tion between the ſquares of C and B, will be found by the 
firſt Prop, of Swperficierro bc as 5 to 4: and therefore this is 
the proportion between thoſe given Swperficies. 


To make 4 Superficies like to one S wperficies 
andequallto another. 


15 the one Swper ficies go be the triangle A, and the 0= 
-her the Rbomboides B;and letit be required to make an« 


» 


ys Throftoſtheliveref Supericies: 


other Rhomboides like to B, and equall to the rrieng/e A, 

Firſt betweenthe p<rpendicularand the baſe of B, I find 
a meane proportionall, and note it in B, as the fide of his e- 

| quare : then betweene the perpendicular of the tri- 
angle A, and halfe his baſe, 1 find a meane proportionall, and 
note it in A, as the (ade of his equall ſquare. W herefore now 
as the ſide B is to the fide A; fo ſhall the fides of the Rhom- 
boides giuen be to C and D, the ſides ofthe Rhomboides re- 
quired, & his perpendicular alſo to E, the perpendicular re- 

uired, 

2 Haning the ſides and the perpendicular, I may frame the 
Rhomboides up, and it will be equallto the triangle ee. 

If the Swperficies giuen had been any other right-lined 
figures, they might hauc been reſolved into triangles, and 
then brought into ſquares as before. 

Many ſuch Coroltaries might haue been annexed, but the 
meanes of finding a meane proportionall being knowne, 
they all follow of themſclues. 


7 Tofindes 444/25 ag betweent two 
| MIL CT5 GINER, 
| 3-68 reckon the rwo numbers given on both fides of the 

Lines of Swper ficres, from the center, and mark the termes 
whereunto they extend; then take a line out of the Line of 
Lines, or any ather ſcale of equal! parts reſenbling one of 
rhoſe numbers giuen, and pur it ouer in the termes of his 
like number in the tines of Swperficier; for ſo keeping the 
Setter at this er ep taken from the rermes of the 
other number and meafured in the fame ſcale from which 
the other parallell was taken, ſhall here ſhew the meane pro» 
portionall which was required. 

Let the numbers giuen bc 4 and g. If I ſhall take the line 
ef, inthe diagram of the fixt Prop. reſembling 4 in a ſcale 
of equall parts, andto it open the Setor in the termes of 
4 and 4. inthe lines of Sperficies, his parallcll betweene 9 
and 9doth giue me B for the meane proportionall. And 
this meaſarcd in the ſcale of cquall parts doth extend - 6, 

whic 


The wſt ofthe line of Saperficies. 36 
Which is themeane proportionall number between 4 and g. 
For as 4 to 6,106ro g. 

In like manner if | takethe line C, reſembling 9 in a ſcale 
of cquall parts, and to it open the Sefor in the termes of 9g 
and 9, in the lines of Swperpeees, his parallell beewcen 4 and 4 
doth giue methe ſame line B, which will prove to be 6, as 
before, ific be meaſured in the fame fcale whence C was 
taken. 

For, the Figures 1, 2, 3, 44 &c+ heere ſer downe upon the 
line, do ſometime lignibe themſclues alone + ſometime, 10, 
20, 30, 40 &c. ſometime 200, 200, 300, 400 &c. and ſo for- 
ward as the matter ſhall require. The firſt figure ot cue 
number is alway that which is here ſet down: the reſt 
be ſupplied according to the nature of the queſtion. 

If you ſuppole pricks under the number given (28 in «rstb - 
mericall extraction) and the laſt prick to the left hand ſhall 
fall undcr the laſt fig.(which will beas oft as there be odd f&i- 
gures) the unite will be beſt placed at 1, inthe middle of the 
linez fo the root, & the ſquare will both fall forward, toward 
the end of the line. But,if the laſt pricke (ball fal under the 1.ſt 
figure but one (which will be as oft as there be euen Figures) 
then, the unite may be placed at 1 in the beginning of the 
line, and the ſquare in the ſecond length : or the unite may 
be placed at 10,inthe end of theline,tothe root and rhe ſquare 
will both fall backward, toward the middle of the line, 


8 To findthe ſquare roote of a number. 
9 Theroote wg ginen to find the ſquare num - 
t 


ber of that roote. 


N the extraQtion of a ſquare roote it is uſuall to ſer pricks 
under the firſt figure, the third, the fifth, the ſeventh, and 
ſo forward, beginning from the righe hand toward the left, 
and as many pricks as fall to be under the ſquare number gi- 
ven.ſo many figures ſhall be in the roote : ſo char if the num» 
ber givea be lefſe then 200, the roote ſhall be onely of one 
F 3 figurez 
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$3 Fbe sſc of 117 live of Sapetficies? 
figure; if leſſe then 10000, it ſha'l be-bue two figures; if lefle 
then 1000000, it (hall be three figures, &c, 

Thereupon the lines of Swperficiesarc divided firſt into an 
hundred parts, andat che number given be greater then 100, 
the firſt divifion ( which betoredid ſtiguific oaly one) invſt 
ſignitie «co, and the whole line hall be 10000 parts z if yer 
the number given be greater chen 10000, the fiiſt diviſion 
muſt now ſignific 10000, and the whole line be cltecmed at 
1000000 parts: a" dif this be too little to; expreſle the num- 
ber given, as oft.as we have recourſe to the beginning, the 
whole line ſhall increaſe it ſclte an hundred times. 

By rheſe meanes.1f the laſt pricke to the left Hand (hall Fall 
under che laſt figare, which will beas oft as there be odde.ti- 
gures, the number given (hall fall out berwe-ne the center 
ofthe Sefor and the tenth diviſion: bur if che laſt prick ſhall 
fall undepthe laſt figure but ore, which will be as oft as thore 
be even figures, then the nu ber given ſhall fall outygbe» 
tweenethe tenth diviſion and the end of the Sefor, 

This beingeanſidered, when a. number 1s given and the 
ſquare roo:e 18 required, take a paire of compall:s and ſetting 
one foote in the cenrer, © xtend the other to the terme of the 
number given in one of the k1cs of Swperficies; for this di= 
tance applied co ene of the Lines of Lives, (hall ſhew what 
the Square root is, without opening the Sedtor. 

Thus 36 doth give a root of 6 aad 360, a root of (almoſt) 
19: and 3600, rot of 60 : and 36000, a root of 189 &c, 

[n like manner, the neere(t root of 725 is here found to be 
{abauc) 27 . the ncereſt root of 7250, about 85 ; theneereſt 
of 7500, about 269: and the necreſt roat of 7 25000; about 
85t: Andiointhereſt. ' 

Oa the contrary, a number giuen may be ſquared, if firſt 
we extend the compaſſes to the number given in the lines of 
Lines, and then apply the diſtance to the Lives of Superficies, 
a3 may appeare by the former examples. 
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 Sheaſerf the barof Saperficles, $6- 


1o Three numbers being given to find the fourth 
in 4 duplicated proportion, 


T is p'aine by the 19 and 20: Prop, 6 Lib. of Exclid. 

:hat like Swperficies do ho!din a duplicated proportion 
ot their homologall fides , whereupon a queſtion being 
movedconcerning S»perficies and their fides. It is ufſuall 
in Arichmerticke that the proportion be firſt duplica- 
tc& before the queſtion be reſolved, which is nor ne- 
ceffarie in the uf: of the Sefor, onely the numbers 
which doe ſignifi S:perficies muſt b2 reckoned in 
the lines of S»perficies , and they which ſignifie 
the ſides of Swperficies , in the lines of Lines, atccr 
this manners 


Ifa queſtion be made concerning a S«perficies, the 
two numbers of the firſt denomination muſt be rec- 
koned in the lines of Zines, and the Seffor opened. 
ja .che. tcrmes of the fuſt number to the quantitie 
of a line out of the ſcale of Saperficier reſembling . 
the ſecond number ; ſo his parallells rakea betweene 
the termes ofthe third number, being meaſurcd in the 
fame ſcale of Superficies , ſhall give the Superficiall num- 
ber which was required. 

As if a_ Square , whoſe fide-is fortic» p:rches in 
length , ſhall containe ten acres in the Swperficier , 
and it be required ro know how many acres the Square 
fhould containe , whole (ide is ſixtie perches, 


Here [FT tooke 10 onr of the line of Swperficir,and put it 
evcrin 40 inthe lines of Zies,his parallel derweea 6o and 


60- 
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37 The vf: of the line of Superficicr. 
60 meaſured in the line of Swperficies , would be 22 ;; and 
ſuch is thenumber ot acrees required. For Squares doe hold 
in a duplicated proportion of their lides z wherefore when 
the proportion of their ſides is as 4 to 6,'and 4 multiplicd 
into 4 become 16, and 6 multiplicd into 6 become 36, the 
proportion of their {quares ſhall be as 16 to 36z and luch is 
the proporcion of ro to 22 ;. 

Ifa ficld meaſured with a ſtatute perch of 165 foote, (hall 
containe 288 acres, and it be required to know how n_ 
acres it would containe if it were meaſured with a wood» 
land perch of 18 foote. 

Here becauſe the proportion is reciprocall, if I tooke 288 

out of the line of Swperficies, and put it over in 18, in thelines 
of Lines, his parallell betweene 16; and 165 meaſared in 
the line of Swperficies, would be 242; and ſuchis the number 
of acres required. 
For ſceing the proportion of the ſides is as 16; to 38, or in 
leſſer numbers as 11 to 12, and that 11 multiplied into 11 
become 1321, and 12 into 12 become 144, the proportion of 
theſe Swperficies (hall be as 121 to 144, and ſo have 288 tg 
242, in reciprocall proportion, | 

On the contrary, if a queſtion be propoſed concerning 
the ſide of a Swperficies, the two numbers of the firſt deno» 
mination muſt be reckoned in the lines of Szperficies, and the 
Seftor opened in the rermes of the firſt number, to the quan= 
titie of a line, out of the line of Lines or ſome Scale of cquall 

arts, reſembling the ſccond number ; ſo his paralle!l taken 
borvemerbenermes of the third number being meaſured in 
the ſame ſcale with the ſecond number, (hall giue the fourth 
number required. 

As if a held contained 288 acres when it was meaſured 
witha ſtatute perch of 167, and being meaſured with ano- 
ther perch, was found tocontaine 242 acres, it were required 
to know what was the length of the perch with whichic was 
ſo mea'urcd. 

Here becauſe the proportion is reciprocall, if I tooke 16+ 
out of the line of Lives, and put it ourr 2a 342 in the oy 
O 
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The wfe of theline of Superficies; 38 
of 019 his betweene 288 and 288, being mea- 
furcd inthe line of Z5nes, would be 18, & ſuch is the icngth 
of the perch in fecte whereby the ficld was laſt meaſured. 

- For ſeeing the proportion of the acres is as 288 unto 242, 
or inthe number as 144to 121, and that the roote of 

is 12, and the root of 122 13 11, the proportion of roots 

i ccotomats of the perches ſhall be as 22 co x1, and fo 
arc 165 to 18, inreciprocall p ion. 

If 360 men were to be ſer in forme ofa long ſquare, whoſe 
ſides ſhall haue the proportion of 5 to 8; and it were re- 
quired to know the number of men to be placed in frone 
and file : if the ſides wereonly 5 and 8, there ſhould be but 
40 pe but there are 360: therefore, working as before, [ 

C . 
As 40 to the ſquare of x, 
ſo 360to the ſquare of 15. 


As 40 to the ſquare of 8, 
ſo 360 to oy of 24. 


and fo 15 and 24are tho ſides required. 

If rooo men were lodged in a fquare ground, whoſe ſide 
were 6o paces, and ic were required to know the fide of the 
ſquare wherein 5000 might be lo lodged, here working as 
before, I ſhould finde thac 

As 1000 are to the ſquare of 60 : 
ſo 5000 tothe ſquare of 1 34. 
And ſuch very neare is the number of paces required. 


CHAP. IV. 


The coſe of the lines of Solids. 
Tofinde 4 proportion betweene two or more like Solids. 


N che Sphere, in regular, paratlell,, andother like bodies, 
whole ſides next the angles are proportionall, _ 
works 


5s — Theoſcof the nf Solids; 


worke is in a manner —__ —_— firſt Prop. 
of S«perficier, bat cbat it 1s: ton incs. 

Te one of the ſides of the greater Solid, & according te 
it open the Seftor in the points of a 1000 & to00,in the lines 
of Solids, then take the like ſides of the leticr Sol5ds ſeyer- 
ally, and carry them parallell to the former, till they ſtay in 
like. points , ſothe number of points whereia they {tay, (hall 
ſhew their proportion to 100. 
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Let A and F, be the like ſides of like Solids, either the di- 
ameters,or ſcmidiameters of two ſpheres, or the ſides of two 
cubes, or ether like. Firſt | rake the fide F, and to it open 
the Setter in the points of 1000, then keeping the Sefor at 
this angle , I enter the leſſer fide F, paralte!! ro the former, 
and finde it tocrofle the line of So/rd? in the points of 408, 
and ſuch is the proportion betweene the Solids required, 
which in lefler numberis as 5 to 2. 

This propofition might have b en wrought by 60, or a- 
ny other number that admits feverall diviſions. 

It may alſo-be wrought withour opening the Sefeor for if 
the ſides of the Solids given, be applicd to the lines of Solids, 
begining all ways at the cencer oF the Seer, there will be 
ſuch proportion betweene them, as betweene the numbers 
of parts whereon they fall. 


2 To angment 4 Solidin agiven proportion. 
3 To d1miniſh « Solidin a given proportion. 


Ake the fide of the Solid given, and to it open the 
Seer, in the points of the namber given: then keeping 
the SeRor at that angle , the di betrweene the 


points of the number required, ſhall giue the like fide of the 
Salid requyred. | | , 
I 
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She oe ofthe Fne of Solids 


other like ides may be found one in the fame manner , and 
= may be made up with the 


Let af be the (ide of a cube, to be angmented in the pro- 
pertioa of 320 3. Firlt | take the fide 4, ndput it over in 
COINS lancads, ſo the parallell berweene 3 and 
005 iveame the ſide B, on which/if 1 make a cube,it will 


proportioato thecube of 4, as 3'to 2. 
Inlike manner, if B IIS , to be 
hay pney pms of 3 i tO 3. take out By 


tit overinthe lines of Sol5ds, in 3 = 3, ſo the p 

betweene 3 and 2, would give me A: to: which dia- 
merer it ould make Sphere, it worr{d be &flc rhen the 
Sphere, whoſe diameter is B, indach proportion as 218 lefle 


then 3. 
— Pniapet werke, may the like-caution be 
ahichave gore iathordied Prop. of Lines. 


4 Toeddeonelike Solid 10 another. 
5 Toſublratt one like Solidl from enorher, 


e—__ berweenerhe ſides of che like Solids. 
found by —_ Prop,ofSolitls : then adde 
meco tor. 
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If it bea parailellapipedar, or ſome irregular Solid » the 
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The aſe of the line of Solidf; 
As if A and B where the ſides of two cabes, and it were res 
quired to make a third cube equall to them both : firſt the 
proportion betweene the fides Hand B, would be found to 
be as 100 to 40, or inlefſer termes as fto 2. Then becauſe 5 
and 2 bcing added do make 7, I augment the fide IF in the 
proportion of 5 co7, and cn bs. ve fide C, 00 which if I 
n.ake a cub", ic will be cquail to borh the cubes of 4 and ZB, 
which was required. 

Inlike maner eand Þ being the ſides oft wo cubes, ifit 
wererequired to ſubtratthe cube of B out of the cube of 
A, and to make acube<quall ro the remainder. Hcre the pro- 
portion being as 5 to 2, becauſe 2 taken out of 5; the remain« 
deris 3, I ſhould diminiſh the fide A inthe proportion of 5 
to 2, and fo I ſhoald have the fide D, on which if I make a 
cube, it will be equall to the remainder when the cube of B- 
zs taken out of the cube of A, that is th: two cubes made u 


on B and D, ſhall be cquallto the firſt cube made uv ; 
ry eq pon 


— - 


6 Tofind two meane propertionsl lines betweens 
1w0 extreme lines given, ; 
Irſt 1 find what proportion is betweene the two extreme 
lines giveoas they are lines, by the fifth Prop: of Lines, 
then open tlie Seor in the lines of Solids, to the quantitic of 
the former extreme, and a pera!lell betweene the points of 
the number belonging to the other extreame , hall be that 
meane profortionall w hich isncxt the former extreme; This 
done; open the Seer againe to this meane pr jonall in 
the poums of the former extreme , ' and rhe |' diſtance 
berweene the points of the lacter extreme, {ball be the othes 
moane proportionall required. 
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The ofe of the line of Solids. 43 

Let the two extreme lines given be A and D, the propor- 
tion berweene them, as rhey are lines, will be found to be as 
27 to 8, Wherefore [ take the line A, and put it over in the 
lines of So/ids berweene 27 and 27, and keeping the Settor 
at this angle, his parallel| berwcene 8 and 8, doth give me B, 
the meane proportionall next unto A, Then pur I over this 
line B, berweene the aforeſaid 27 and 27, and his parallell be® 
rweene $ and 8 doth give me the line C, the other meane 
proportionall which was required. 

Againe, for proofe of the operation I put over thiis line C 
in the eforefiih 27 and 27, and his parallcll berweene $ and 8 
doth give m: the very line D: wheeby it is plain: that theſe 
foure lines do hold in continuall proportion; and ſo B and C 
are ſound to bethe meane propoctionals betweene A and D 
the extremes given. 


7 To find two mean proportional num)ers 
betweentwoextreme numbers given. 


| 2s: reckon thenumbers given on both ſides of the lines 
of Solids, beginning from the center, and marking the 
te1mes whereto they extend: thentake a line our of the line 
of LZines,or any other ſcale of equall parts reſembling the for- 
mer ofthoſe numbers, and pur it over in the lines of So/ids, 
b:tweene the points of his like number, and a parallell be- 
tweene the points belonging to the other extreme, meaſured 
x1 the ſcale from whence the other parallell was taken, ſhall 
m that mcane proportionall number whick is next the 
ormer extreme. This done open the Sefor againe to this 
meane proportionall in the points of the former extreme, 
and the parallell diſtance betweene the points of the later 
extreme, meaſured in the fame ſcale as before , ſhall there 
ſhew the other meane proportionall required. 
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Thevſtof the liveof Solids; 

- Ler the two extreame numbers givea be 27 and 8; #1 
ſball cake the line A, reſembling 27 in a ſcale of rd 
and co 1t opcnthe Sefor 1n 27 and 27, in the line of Selidr, 
his parallel! berwecne 8 and 8 doth give mc B for bis next 
mcane proportional , and this mealurcd in the former ſcale 
doth extend to 38, Then pur I over this line B between the 
aturc'aid 27 and 27, and his parallell between 8 and 8 doth 
give me C for the other meane proportionall, and this mca- 


lured inthe former ſcale doth extend to 12. Againe, for 


proofe of my worke, | put over this line C betweene 27 and 
27,as before, and his parailell betwecne 8 and 8 doth give 
me D, whici: meaſured in the former ſcale dothextend to 8, 
which was the latter extreame number givenz whereby it is 
plaine that theſe foure numbers do hold in continual pro= 
portion : and therefore 18 and 12 are meane propattionalls 
butweene 27 and 8, which was required. 

If you ſuppoſe pricks under the number given as in @r:th. 
wericall extraction and that laſt prick to the left hand ſhall 
fall under the laſt figure, as in x728, the unite will be left pla» 
ced ac 2, in the middle of the line and the Root ſquare and 
cube will all fall forward toward the end of the line. | 

If the laſt pricke ſhall fall under the laſt figure but one, as 
in 17280; the unite may be placed at 2, in the beginning of 
the line, and the cube 1n the ſecond length : or the unite ma 
be placed at 10, in the end of the line, and the cube inthe bl 
length. | 

"Bar if the laſt prick ſhall fall on the laſt figure but two, 
25 in 192800; then, place the unite alwaycg at 19, in the end 
ofthe line : ſo, the Root ſquare and cube will all fall bacward 


and be found in the ſecond length. 


8 To find the cubique roote of « number. 
o The roote being given is finale ihe cube amber 


of that roote. 


N the cxtraQtion of a cubique root, it is uſuall to ſer pricks 


uader che firR figure the fourth, the ſeventh, and tenth, 
and 


OM, , OOO 


©. Aaao.. 


_——— 


hr ny rey 45. 
4nd fo forward, amitting two, and. pricking the thicd from 
the right hane toward the leF;; and as many prigks a5 fall to be 
guder the cubique number, ſo many figures ſhall be in the 
roote. So that ifthe number given be tele then 1000, the 
roote ſhall be only of one Fgure; if lefſe then 1000006 , it 
(hall be but of rwa figures z if above theſe, and lefle then 
L00c000000, it ſhall be but three figures 3 &c. whereupsn 
chelines of Solids aredivided, farttinto ro00,parts,and if the 
rumbers given be greater then 1000, the firſt diviſion(which 
before did fignific onely one) mutt fignifie zavo, and t 
whole line ſhall be 1000000: if yet the number given be 
greater then t000000 , the fir{t divifion muſt now figaific 
1000000, and the whole lias be cfteemed at. 1090000099 
parts, ard if theſe be to lictle to exprefſe the , numbers given, 
as oft as we have recourſe tothe beginning, the whole lie 
ſhall encrea(s it ſelfe a thouſanp times. 

By theſe meanes, if the laſt pricke,to the left hand, ſhall 
ander the laſt figure, the as 1 rs ſhall be reckone 
at the beginning of the lines of Solas tram 3 to 10, and the 
firſt figure of the roote ſhall be alwayes either x, or 2. If the 
laſt pricke ſhall fall under the laſt agure but one, theft the 
numbcr given ſhall be reckoncd in the middle of theline of 
Sohids, between xo ard 400, and the firſt figure of the roote 
ſhall be alwaycscither 2, or 3, or 4+ But if the laſt pricke 
ſhall fall under the laſt figure but two, then the number gi- 
ven, ſhall be reckoned at the end of the line of Solids , be 
tWeene 100, and 1009. 

This being conſidered when a number is given, and the 
cubique roote required : Set one foote of the compaſles in 
the ccnter of the Sefoy, extend the other in the linc of Solids 
tothe points ofthe number given: for this diſtance applied 
ro one of the l:nes of Lines, (hall ſhew what the cubique root 
15, without opening the SeFor. 


Sothe neereſt roote of 8490000, is about 204. 
The neereft roote of 84900000, is about 439. 
The neerck roote of 849000000, is about 947» 
G 3 On 


436 = Theoſtofthelinef Solids; 
| On the contrary, = number my be cubed, if firſt we ex< 


xend che compaſſes to the nunber given, in the line of 
pon gldgnet apy 61 the diſtance to the lines of So/i4r; av 


may appeare by the former examples. 
10 Three numbers being given to finde « fourth in « 
triplicated proportion. 


" IA S like Swperficies doe hold in a duplicated proportion, | 
"X(o like lolids ina triplicaced proportion of their homo- | 
logall ſides : and therefore the {a ne warke is to be obſerved 
here on the lines of So/427, as before in the lines of Superfi- | 
Cier; as may appeare by theſe two examples, | 

Ifa cube whoſe fide is 4 inches, ſhall be 5 pound weight, 4 
and if it be required t5 know th: weight of a cube whole F 
Gde is 7 inches ; here the proportion would be, 


As4 areto a cube of 70, \ 
ſo 7 to a cube of 375 


And if I tooke 7 out of the lines of So/ids, and put it over 
m4 and 4, inthe lines of Lines, his parallell between 7 and 7 | 
meaſured in the lines of Sel5ds, would be 37; and ſuch is * 
the weight required. | 


If a b ller of 27 pound weight hane a diamiter of 6 in- 
ches, and ir be required to know the diamiter of the like 
buller, whoſe weight is 125 ponnds z here the proportian 
would be, 


As the cubique root of 27 is unto6 : 
So the cubique root of 125 isunto 10, 7 


Thewſe of the kne of Superficies; To 
if I tooke 6 out of the line of Lives, and put it over 
lell betweene 12g 


in 27 ofthe lines of Solids, his paral 
and 125 meaſured in the linc of Lives, would be 10; and luck 


is the length of the diameter required, 


The end of the firſt Buoke. 
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Conrining thevſe of the Circular 
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CPAP.I. 


Of the nature of Sines, Chords, Tangents an4 
Scecants , fit to be knowne before hand 
in reference toright-line Triangles. 
| the Canen of Triangles, a circle is commonly divided” 


into 360 degrees , each degree into 60 minutes , Cach Wis 
D axtr into 60 [eronds, 
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A ſemicircle therefore is an arkeot 180 gre Fo 
H . 
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jo Of the natore of Siges 4nd Tangents; 
* Aquadrant is an arke of yo'gr. 

The meaſure of an angie is the acke ofa circle, deſcribed 
out of the angular point, intercepced betweene the fides ſab 
ficiently produced. 

So the meaſure ofa right angle is alwayes an ark? of 96 
g7.and in this example the meaſure of the angle B A D is 
the arke B Cof zo grz the meaſure ofthe angle B AG, is the 
areBFofgo gr, 

| The complement of an arke or of an angle doth commoa- 
ly figaifie the arke which the given arke doth want of go 


$r:21d fo the arke B F is the compl:m2at of the arke B QC 


& the angle B A F, whoſe meaſure is B F is the complemenc 
ofthe angle B A C; and oa the contrary. 7 

The complement of an arke or angle in regard of a ſemi- 
circle, isthat arke which the givenarke wancerh to made 
180 gr:and iathe angle E A H is the complement of the 
angle E A F, as the arke E H is the complement of the arke 
Au , in-which the arke CE is thecxcefle aboue the quas 

rants 


The proportions which theſe arkes (being the meaſures\ 


of agles) have to the ſid:s ofa triangle, cannot be certaine, 
waleſſe that which is crooked be brought co a ſtraight line; 
and that may be done by the applicauon of Chords, Right 
Sexes, verſed Siner, Tangents and Secants,to the ſemidiameter 
ofa circle. 

A Chord is a right line fubtending an arke: ſo BE is the 
choid of the arke BCE, and BF a chorde of the arke 
B F. | 

A right Sine is halfe thechorde of the double arke, viz. the 
rizhthne which fall:th perpendicularly from the one ex- 
treme of the givenarke, vpon the diameter drawae to the 
other extreme of the (aid are, 

So ifthe givenarke be B C, or the given angle be BAC, 
let the diameter be drawne through the center A unto Cy 
and a perpendicular B D be let downe from the extreme B, 
npon A C; this perpendicular B D ſhall be the right [ne 
doth of the arke B C, aud alſo of the angle BA C: ad bs 
a 


- Of the nttww+of Sines 4nd Tavgets Fe 
alſo the balfe of the chord B F, fubtending the arke B C E» 
which is double to the giveriarke BC, In like manner, the 
ſemidiameter F A, - the _ ſe of the arke F C,ard ofthe 
righrangle F A C; for it fallcth ndicularly AC 
ph it is She halfe ofthe chord F a, | "ve 4 

This whole Sine of go gr. is hereafter called Radiis ; but 
the other Sines take their denomuation from the degrees 
and minates of their arks. 

Sinus ver(ns the ver/ed ſue is aſegment of the diameter,in- 
tercepted betweene the r:gbe fine of the ſame arke, and the 
circumference of the circic, So DC 1s the verſed ſine of the 
arkeCB, andG F the verſed ſme ofchearke B F, and GH 
the ver/ed fine of the arke B H. . 

AT awgent isa right line perpendicular to the diameter, 
drawne by the oneextreme of the givenarke, and terminas 
ted by the /ecant drawne from the center through the 0+» 
ther extreme of the ſaid arke, 

A Secant i$4 right line drawne from the center, through 
one extreme of the given arke, till it meete with the rangers 
_—_ from the diameter at the other extreme of the 1aid 
arke, 

So ifthe given arke be C E, orthe given angle be CAE, 
let the diameter be drawne m—_— thecenter A to C, and 
in CroAC, be raifed a perpendicular Cl. Then let ano» 
ther line be drawne trom the center A through E, cill ic meet 
with the perpendicular CI in I; the line CI is a Tas- 
gent, and AI istheSerant both of the arke C E, and of the 


augle CA Ea 
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"Thegencal oſe of Sines cad Tangenes, 


CHAP. IT, | 
Of the general ve of Sincs and Tangents. , 
1 The Radius being knowne tofind the right fone 
5 of any arke or angle, 
F cheRadius of the circle. given be. equall to the laterall , 


: adius,thac 13,t0 the whole line of Swes an the Settor,there 
needs no farther worke, buc to take the other fines alſo out 
of the fide of che SeFor, Batific be cither greater or lefler, 
then let it be made a parallell Radius, by applying it ouer in. 
the lines of Si#ts, berweene goand go; ſo the parallell taken 
from the like laterall fines, ſhail be the Swe required. 

As if the given Radius be A C,andit were required to find: 
the ſine of 50 Gr .& his complement agreeable io that Radus.. 
yo 
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LeteAB, AÞ repreſent the lines of fines on the Seftor,and 


{et B B, the diſtance berweeng go and 90, be cqual w_ 


Threemsal vof6 of Sincs awd Tanpents: 55 
Sirens | adiye A (. Herethelines 449, eA 50, 4 99,nay be 
called ateral ſiner of qo, 50,8 —_ eve of their "as 
on the file ofth: SeFor, The lincs betweene 40 and. 40, be- 
tiwcene go and 5e, betweene go and 90; may be” called 'the 
parallell fines of 40,-50,and'g90zin regard they are parallell one 
to the other. The whole ſine of go Gr. here ſtinding for the 
feidiameter ofthe circle, -may be called the Radrrs, And 
therefore if A C be pnt over ir the linc of Sines ia yo and 90 
and fo made a paraHeltradings,; his parattell-fine berwtene 50 
and 0, ſhall be B D, the fine of 50 required. And beexuſt 
50 taken out of 90,the complement is 40;his parallel finer be- 
tweene 40and 40, ſhall be B G, the fine ofrfir compitin ent 
which was required. 


2 The right ſine of any «ke being grven 
to find the Radima. 


T Vinethe fine given into parallel fine, and| his paral 
| lell Radius (hall be the Rudin requiredi | | 

As if BD were thegiven fine of 50 Gr: andfit were requi- 
red to- fiade the Radins: let B D be made a parallel ſine of 
go Greby applying it over inthelines of Sines,betweene 59 
and 5010 his paral'ell Radius betweene go and' go (ſhall be 
AC, the Redins required; - 


3 The Radinu of a cirele, or the right Sine of any arke 
being erven,and a ftreight line reſembling a Sine, 
tofind rhe quantiite of that unknowne Sine, 


TS the Radius or right fine given be turned into his pa- 
ralleſl; th: n take the right :une given, and carrie it paral- 
Icil to the former, till it ſtay in like Sines: ſo the number oF 
degrees and minures where it ſtayeth, ſhall give the quaatitic 
of the Sine required, 

As if BD were the given fine of 50 Gr, and BG the 
freight line given; firſt f make B D a garaVell fine of go Gy; 
then keeping the Seffor atthis angle; 1 carie the 'line'B G, 
wen” TR H 3 par 


54 Thegenwolnſe of Sins ind Tangent? 
para'lcl}, and findicgo ſtay in.no'other- bur 4o'and 40; ant 
thackore:4o gr. is this quantitic required. 


4 The Radins or any right Sinebring giten, to fnd 
 #4hewerſed fine of any. arke - 


= arke, whoſe verſed fine is required, be !efſe then the 
quadra::t, take the fine of the complement out of the ra- 
dius, aud the remainder ſhall be che fans werſws, the yeried 
fane.of that arke.. , ., | 

As If AB being the laterall Radu, it were required to find 
the verſed (ine of 40 gr; here the fing of the complement is A 
50, and therefore B 5ois the ver/ed ſize required. Or if I 
reckon from B, at thecnd of the Sector, toward the center, 
the diſtange from go to $0, is the verſed line of 10 gr; from 
go to 70, the verſed ſineof 20 gr;from goto bo, 15 the vericd 
ſine of 30 gr: and fo in the reſt; 

IF AD be the given ſme of gogr. and it be required to find 
the v#r/ed fine of 50 gr; here becauſe A D is uacquall to the 
larerall fige of 5o gr; | make ica parallell. And firlt | fiind the 
Tadius A C, then the fine of the complement A 40, which 
being taken out of A C, leaveth C 40 for the vericd fine of 
$0 gr. which was required. | 

Buc if the arke, whole verſed fine is required, be preater 
then the quadrant, his verſed ſine allo 18 greater then the 
Radm, by the right ſine of his excefle above go gr. 

As if A C being the Radias given,it were required to find 
the verſed fine of 130 gr: here the excelle above 90 gr. is 40 
£7: and therefore the verſed fine required 15 cquall to the Ras 
dius A C and 4 4o, both being ſer together. | 


5 Thediameter or Radius being given to finde 
| the Chard, of tvery arke, 


T he fines may be ficred many ways: t for chords. 
x Ape bcing the halfe of the cord vt the double arke, 
che fine be doubled, it giveth the chord of the double arke, 


Theghvendl oftof Sines av#Tahgen®7 55 
a'$ize of 107g. do ieRtHh 4 C9234 of 5b gr2unda Sore 
of v5 prong doubled vets Chard of 39 gr. and ſo in 
the re(t. Ashere B D, the fine of B C| a7 atke of 40 gr. being 
doubled giverh BE the chord of BCE, which is an arke of 
80 * Wherefore if the Radios'of the ctrele given be equall 
to the laterall Radius, let the Seo? be opened neare unto lng 
lengths ſo that both' thelines of S»er may make buc one di- 
rec line ſo the diſtance on the fines bet weene 10 and-10, 
ſhall be a chord of 20, the diſtance betweene 20 and 20, (hall 
be a chord of 40; and the diſtance betweene 30 and 30, ſhall 
ſhall be a chord of 60; andſo in the reſt. 

2 Becauſe a fine is the halfe of the chord of rhe deuvle 
arke, the proportion holdeth. 
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. As thediamiter F H unto the Radins AH, fo che chord: 
BE unto the fine DE, or th: chord G L unto the fine A L, 
and then if che Radius A H, be pu: for the diameter, which 
is a chord of 180 gr, the fine D E or AL, ſhall ſerue for a 
chord of 80 gr, and the ſemiradias which isthe (inc of 30gr, 
ſhall ſerae for a chord of 6o gr, and go fot-the ſemidiameter 
ofacircle, and ſo in the relt. So that by theſe meanes we [ball 
not need to double the lines of Sixers as bzforc , bur onely to 

double the numbers. Ad to this parpole 1 have fgadivided 

cava 


<a. eo. tv. we 


Ahead eſeSco an Tahgents 


each ores 
W herefore i troy given be nall to 


the heeegll (amiogchns es 0 OoWn be op 60 Gr.) 
there necds-no fartber ws po oy ar ro. Gr 


forachord of 20 ugh 17 fone of 15 Gr.for achord of 36 Gre 


&C- 

Bur ifche Radius of the circle given be cither greater or 
leſſer then the Jaterall { , take the. * nad of it, and 
make ita parallell chogd of 18a Gr. by applying it over the 
lines of $9#es between go and 90 or take the Radins or Scmi- 
diamcter which is cquall to the choxd of 60 Gr. and make it 

a parallel Radius of 60 Gr. by applyirg it over in the fines of 
Jo and 30, and keepetheSecar at this angle.” The parallells 
taken from the laterall chords ſhall be the chords requi- 
red. 

As if the diameter of a circle given were the line ef B, 
ard it were required to find the chord of 80 gr: biſt, I make 
A B a pwrallell chord of 180 Gy. or the kale of it a parallell 
chord of 60 Gr; ſo his parallell LG doth give me FG the 
chord of 80 Gy. which was required. 

3 Sceing thatas the ſine of the complement of the halfe 
arke is vnto the Radins, ſo theline of the ſame whole arke 
is unto thechord of it: if weſecke but for one ſingle chord, 
we ray find it without either doublirg the fines, or dow 
bling the nawber, For applying over the Radius glven in 
the {ine of the complement of halfe the arke required, his pas 
ralle}l ſine'thal{ hethe chor@reguired, | 

A, ih the lemidiameterat the cixde given were A c and 
ie were ro find the chord of 4p Gr:the halfe of 45Gr. 
1s 20 Gr, the complement of 20 Gr. is 70 Gr, Whorefore [ 
make «1 C apyralldifine of 70 Gr. and bis parallell ſive G L 
doth give meFGQxhochord of 49 Greagrecable to the ſemi» 
diameter A Cy + 
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The general uſe of Sines and Tatgents 57 


Having two ri ht lines reſembling the chard and 
verſed Sine, to find tie Diameter and Radius, 


Let the two right lin 's given be 
A B, reſembli ig the chord, CD, 
the verſed fine of a circle, whole 
arch A C B18 unknowne: and lect 
No ” requiced co fiad the diamet-r 
CF. 

Having 2 lines given, the firſt 
CD, che ſeco111 A D che halfe of 
A 3, we may find athird in con- 
tinuall proportion (by the 6 or 9 
Prop, of the lines) and thi (hall. be the line D F (18:) che 
ſamme whereotand of C ? gives the diametes C.F (20) and 
thc baile thereof is che Radius (E C ), ET, 
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6 The chord of any arke being given to finde the 
diamtter andRadius, 


T'= the chord given untoa parallel! chord, and his pa: 
rallell ſemiradius ſhall be the ſemidiameter, and the pa« 
callell radius ſhall be the diameter, 

AsSif FG be thechord of 80 gr. Iput this over in G and 
L, the fine of go, andchord of 80 gr. and the parallell chord 
of 180 gr: giveth me A B the diameter required, 

Or Fo turne the chord given into a parallel ſine of the 
ſame quantiric, his parallell line of the complement ot halfe 
the arke, doth give me the ſemidiameter. 

ASif FG be the given chord of 40 gr; Iputitover in G 
and L, the fines of 40 gr. then becauſe the halfe of 4o gr. is 
20 gr. and the complement of 20 gr. is 70 gr-I take out the 
parallell ſine of 70 gr. and it giveth me A B for the ſcmidia« 
mcter, agreable to that chord of 40 gr. 

Having the Diameter of an Ellipſis, to deſcribe the 
ſame wpon 4 plaine, 
þ dach ſemidiametrer be divided, in ſuch ſort, as the line of 

Sineris divided upon the Sefor, and right lines drawne 

= 


The geweral/afe of Sines and Tangetits; 7o 
through each diviſion perpendicular to thoſe ſemidiameters 
like unto (ines; The points, where the finesd awne througn 
the one ſemidiameter do meete the fines of the complement 
drawne through the other Semidiameter, ſhall be the points 
through which the Ellipfis 18 to be drawne. 

Let the diameters be A B, B E, one croffing the middle 
of the other,jin the point C. Divide ficit the lemidiame:ers 
C A, C B;then, then the ſemidiameters CD, CE like nato 
the lines of Saves upon the Settor, by the 8 Propoſition of 
Lines: So, the Ellipſis ſhall be drawae through the poiars 
at the mecting of the Sines of 10 and 80, of 20 and 70, of 
Zo and 60 &c, 

Or (without the helpe of the line of Sines) we may draw 
the circle A F Bupon the center C and ſemidiameter A C+ 
For ſo; croſliag the diameter A B with-ſeverall perpendicu- 
lar lines continued unto the circumference of the circle,if we 
divide theſe perpendiculars on either ſide ofthe diamerer, in 
ſuch ſort as the greater ſemidiamere C F is divided, by the 
lefler, in the point D; anddraw a line winding through all 
thoſe points, theline ſo drawne ſhall be the Ellipſis. 

Qc (without the helpe of the Sefor ) we may with the 
Radius A C, upon the centers D and E, d:ſcrib: two occult 
arches meeting in the points K and L. Then taking be- 
eweene C and K, any number of points TH XN,, we may 
from the centers K and L, with the ſemidiameter MB de- 
{cribe foure occult arches; and with the Radius AM, and 
the ſame centers K and L, crofſe them againe wich other 4 
arches in the points at O. In like manner, from the ſame ce.1= 
ters K and L, with the Radius NB, we may deſcribe 0- 
ther occult arches ; and, with the Radius A I, and*the 
former centers croſſe them againe, with 4 arches in the 
pointsatP, aad ſo draw the Ellipſts rhrough the points 
O P, &c. 

This ts (iq effet) as wee ſhould tye a thred 
about eAfand Z, and then draw it cafily from the point 
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«+, round about the two former. centers X and-L, untill fe 
were brought to the point eF againe ; which is allo an ca- 
ſy way todeicribean Ellipfs, 
1 he diſtance of theſc tormer points from either Semidia- 
meter may be ſet downe in numbers. For, ſuppoſing the 
l«ſlcr Semidiameter C D, tov be 20 z thegreater (CB) to be 
26, (or otherwiſe divided into any number of knowne 
points,) If we bave the proportion betweene C G and C B, 
we may find the length of the perpendicular G 7, 
If the onan_s be as 1 to 2. the perpendicular will be 8.66, 


. 


If the proportion beas 2 to 3, the perpendicular will be 
abour 7. 45. | 

As the greater ſemidiameter © ® / 

to the part given C Z 
So 100000, the Radius C 

to the (inc of C g 

whoſe complement is G 

As the Radius CF 


to the (ine of the complement G H 
So the lefler ſemidiametcr CD 
ro the perp-ndicular G1 


The ſame may alſo be found without knowing the fines; 
For the perpendicular G H,js a mcane proportionall betw« & 
eAGandGB ; which being knowne 

ASC FunoE D,foisG Hunto G 1, 


7 To open the Settor tothe quantitie of any 
angle given. 
8 The Sedtry bring opened, to find the quantitie 
of the anzle, 


JT” is one thing to open the edges of the Setorto an angle; 
and another'thing to open the lines on the Scor to the 
lam- angle. For the lines of {ines on the one (ide, &thelines 
of ficr on the other (ide, do make an angle of 2 gr. when the 


$cor 
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'$eAor is cloſe ſhur, and the edges doe makeno angle 
.So likewile the lines of Sep:rficves and the lines of Solids doe 


edge 


” .» The gtveluſrefSities md Tung; coun 


ac all, 


makean angle of 10 gr, which arc to be allowed co the 


$. 
Thelines of /&nes may be opened to aright angle, if the 
whole line of 160 parts be applicd over in $0 ard 60, 

The line of ves may be opened to a right angle, if the 
large ſecant of 45 gr. be applicd over in the tines of 90 gr. or 
if the ſine of go gr. be applicd overin the ſincs of 45 gr. or if 
the ſine of 45 gr- be applicd over in the lines of 30 gr» 

1fic be required to open thoſe lines to any other angle, 
take out the chord thercof, and apply ic over in the ſemra= 
«i, andtho'e lincs ſha'l be opened to that angle 

Asif it were required to open the SeRor 1n the lines of 


/ fnerto an angle of 40 gr. take out the chord of 42 x and 
ro it ihr. ra inthechord of +, Ca'l the hnes 


of fines b: opened to the angle required Oc if the ſame chord 
of 40 Gr. be applicd over betweene go, and 50, in the lines 
of /ines, they ſhall alſo be opened to the ſame angle. 1f it be 
applicd over in 25 of the lines of —_—_— or 125 in the 


' lines of Solids, they allo ſhall be opencd to the ſame angle: 


becauſe the chord of 60 Gr. or fine of 30 Gr. and 50 in the 
lines of /ines, and 25 inthe lines of Sepeoficies,and 135 inthe 
Solids, are all of the fave leogeh with the ſemiradius. 

Or if the Semiradis be applicd over betweene the (ine of 
30 Gr. andthe ſine of the complement of the angle re qui- 
red, it will open the lines of Smes to that angle. 

As if the ſemiradius be applicd ovcr inthe fines of 30 Gr, 
and the (ine of 5o Gr. it ſhall open the lines of Siwes to an an- 
gle of 40 Gr. 

On the contrary, if the Sefor be opened to an angle, and 
It be required to know the quantitie thereof, open the com. . 
paſſes to the ſemiradius, and ietting one foote in the ſine of * 
$© Gr. turne the other toward the other line of fines, and it 
ſhall fall therein the complememt of the angle; if ir fall on 
50 Gr,theangle is 46 Gr, if on 6o Gr.the angle is 30 Gr. &c> 

'Boag take over the 400” Wk of 60 Gr, and meaſure it 
_ ; " 


6&2  Thegentralluſeof Sines aud Tangents; 
in che laterall chord, andit ſhall there ſhew the quantitic of 
the As if the Sefor. being opened to. an angle, I 
ſhould take over the parallell of 30 Gr. of the fines, and 60 
Grzof the chords, and meaſure it in the laterall chords, find it 
to be 40 Gr. the angle comprehended berweene the lines of 


Sines is 40 Gr. but the angle betweene che edges of the Sz 
Ror is 2 Gr, lefle, andtheretfore but 38.Gr, 


9 To findethe quaniitie of any angle given, 


F outof the angular point, to the quantitic of the Semi- 

radi, be delcribed an occult arke that may cut both lides 
ofthe angle , the chord of this arke meaſured. 1a the laterall 
chord, (hall give the quantitie of the angle. 

Let the anglegivenbeB A C : firſt | rake the Semiradins 
with the compaſles, and ſetting one foote in 4, I cut the 
ſides of the angle in B and Cy then I take the chord B C, and 
meaſure it in the laterall chord, and 1 findit to be 12x Gr. and 
15 M.and {uch is the quantitic of the angle giv<cn- 


Or if the arke be deſcrib.d out of the angular point at a» 
ny otherdiſtance, let the ſemidiameter be turned into a pa» 
rallall chord of 60 Gr. then take the chord of this arke, and 
carric it parallell till it crofle in like chords - fo the place 
Where it ſtayeth ſhall give the quanticie of the angle. 

As in the former example,if | make the ſemidiameter A 3B 
a parallell chord of 60 Gr.and then keeping the Sefor at that 
angle , carrie the chord B C parallell, till it ſtay in like 
chords; I ſhall finde it to ſtay in noother but 11. Gr, 15 4. 
and ſuch is the angle B AC. | 


fo 
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The ceveral of} of Sines ad Tangetes: ach. 


19 Vpondright line and a point giveninit,to mk: 
an angle equall 10 any ang. gives, 


| BY out of the point given deſcribe an arke, cutting the 
ſame line: then by the 5. Prop.atore, tind the chord of the 
angle given agreeable to the {.midiameter, and in{cribe it 
intothis arkee ſoa right line drawne through the point gi- 
ven, and the end of this chord, ſhall be tho ſide that makes vp 
the angle. 

Let the right line given be «15, andthe point given in 
it be A, and let the angle given be 11 gr. 15 ». Here I open 
the compaſles to any ſemidiameter A 'B, (but as oft as I way 
conyeniently to the laterall ſemiradius) and letting one foote 
ine, 1 deſcribe an occult arke B(; then I ſeeke out the 
chord of 11 gr. 15 m. and taking it with the compaſles, I fer 
one foote in ÞB, the other crofſerh the arke in C, by which 
Idraw the line A C, and it makes up the angle required 


11 Todividethecircumference of 4 circle 
into any parts required, 


JT: 360 the meaſure of the whole circumference be divided 
by the number of parts required, the jquoticnt giveth the 
chord, which being found will divide the circumtcrence. 

Soachord of1 20 gr. will divide the circumference into 
3 equall parts; a chord of go gr. into 4 parts;a chord of 72 gr 
into F parts;a chord of 60 gr.into 6 parts;a chord of 51 gr. 26 
imo 7 parts achord of 45 gr. into 8 parts; a chord of 4o gre 
into 9 parts; a chord of 3 6 gr, into 10 parts;achord of 32 grg 
44%. into 14 parts; achord of 3o gr into 12 parts 

In like maner if it be required to divide the circumference 
of the circle whoſe ſemidiameter is A PB, into 32 : firſt I take 
the ſemidiamerer AB and, make it a parallell chord ef 60 grz 
then becauſe 360 gy, being divided by 33 the quotient will 
be 11 gr. 15 >. I find the parallell chord of 11 gr, 25 mv, and 
this will divide the circumference ito 32. 

Bute 
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64 The generall uſe of Sines and Tangents: 

But here the parts being many, it were better to divide it 
firſt into fewer, and after rocome over it againe. As firſt to 
divide the circumference into 4, and then cach 4 parts into 
8, or otherwilc, as the parts may be divided, 


12 To divide aright line by extreme and 
meane properiion. 


_ He lineto be divided by extreme and meane propor 
tion, hath the ſame proportion to his greater ſegment, 
as in figures inſcribed in the ſame circle, the fide of an hex4- 
g** a figure of ſix angles, bath to 2 ſide of a decegos a figure of 
ten angles: but the (ide of a bex«gow is a chord of 60 gr. and 
the fide of a decapor is a chord of 36 gr. 

LeteA B be Celine to bedivided: if I make AB a paral- 
lell chord of 60 gr.1nd to this ſemidiamerer find A ("a chord 
of 36 gr. this A {ſhall be the greater ſegment, dividing the 
whole line m C, by.cxtreme and meane proportion. So that, 

As AB the whole line is unto 4 C the greater ſegment: 
ſo A Crhegreatcr ſegment unto C Brhe lefler ſegment, 

Orlet eA (be the greater ſegment given 7 if | make this 
3 parallell chord of 36 gr. the correſpondent ſemidiameter 
ſhall bethe whole line A B, andthe difference C B the lefles 


legmene. - 4 
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Orlet {©Þ be the leſſer ſegment given: if I make this a 
parallell chord of $6 gr. the correſpondent ſemidiameter 
ſhall be the greater ſegment A {*which added to CB, given 
the whole line A B, 

To avoid doubling of lines or numbers, you may put over 
the whole line in the Sizes of 52 gr. andthe parallell fine of 
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CHAP. III, 


Of the proie&tion of the Sphere in Plano, 


" He Sphere may be pruieed in PUanoin ſtreight liacs, 

asin the Analcmma, it the Semidiamiter of the circle 
gjven ber divided in ſuch fort as the Linc of Simes on the Se- 
cor. 

As if the Radius of the cirle given were AE, the circle 
thereon deſcribed may repreſent the plane of the gencrall 
meridian, which divided into foure equal parts in E,f,#,S 
and croſſed at right angles with Z &. and ? S, the diamiter 
E &,, (hall repreſent the xquator, and PS the circle ot che 
houre of 6. And it is alſo the Axis of the world, whercin P 
ſtands for the North pole, and S for the South pole, The: 
may cach quarter of the meridian be divided into 90 degrees 
trom the xquator towards the poles. In which it we num» 
ber 23 degr. zo mn. the greatcit declination of the Sunnc 
from E to 69 North.wards, from A to w Southwards, thc 
line drawre from 69 to ve ſhall be the ecliptique, and tlic 
lines diawre parallell to the equator through © and WY ſhal! 
Le the tropiques. 

Having theſe common ſections with the plane of the mc- 
11d1an, 1t we ſhall divide each Semidiametcr of the Ecipti- 
qQUC into YO degr. infuch lort as the Sines arc Civided onthe 
Setfor, The tuit 50 aegy. from A towards 69, ſhall ſtand 
tor the fine of , The 30 egy. next following for -, The 
relt for mM &. NN &C. 1n: their order. So that by theſe meanes 
we have the place of the Sw for all times of the YEArcs 

It againe we divide AP AS, inthe like ſort, and fer 
to the rumbers 10, 20, 30. &Cc. unto go degres, the lines 
cawne through each of theſe degrees parallell rothe equa- 
K 


cor 


66 Of the Proiettion 'of the Sphare 


P—— 


tor , ſhall ſhew the feclination of the Sunne , and reptc ſeit 
the paralells of latitude. 
If farth-r we divide A F, A £, ard e:ct of his para- 
lells equally in the like ſort, and then carefilly draw a line 5 
through each 15 degrees. fo as ir makes no angles ; the lincs 


ſo drawne ſhall be e/ipficall, and repreſent the houre-cir- 
cles. 


_— 
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Of the Proieftion of the Spere: 67 
cles+ The meridian P E S, the houre of 12 at noone 
thar nexe uno it drawne through 75 degrees from the 
Center the houres of 11 and 1, that which is drawne 
through 60 degrees trom the ccnter the houres of to and 
2, &C. L 

To theſe wee may adde the monthes of the yeare, 
ard the daycs of cach moneth, placing /a» arte abour 
F, Olarsh about &, 1une about [, [ule about K, Sep- 
tember, about E &, December , abouc the Tropique of 
vp: ard lo the reſt according to their Declination from 
eie Aquator. 

T: co havirg reſp:& unto the latitude, we may num- 
ber it from E Nortthward unto Z, and there place the 
Z nith : by which and the c:ntcr the line drawne Z A 
N ſhall repreſent the vertical Circle, paſſing through 
the Zenith and Nadir Faſt and Weſt, and the line Af 
eA H croſſing it at rizht anrg'es, thall repreten: the 
horizon. 

Theſe two being divided in the fame fort as the 
ecliptique and the zquator , the line drawne through 
each dcgrec of the Semidiameter A Z, parallell co the 
h :zon, hall be the Circles of alttude , and the di- 
vitons in the hotizon and his parallells ſha give the 
azimuth, 

Lattiy, it :hrough 18 gr. in AN, bedrawne aright 
line / K paral-«: to the hottzon, if ſhall fhew the tune 
when th- day b:aaketb, a.d the end of the twilighe. 

F-r examp'e of th1s proiettion , ler the place of the 
Sun be the jaft Gegree ot v&,e!e paralicl! paſſing through 
this pace 8 LD, and the: etore the mcirid at altrude 
A! L,and the depreflion be'ow the ho 1201 at mid 1ight 
H D: the ſmid:uriall arke L C, the frunizoftaruall 
arke C D. the declination +7 B, the aſc-1rtionall diffe- 
rence Z (, the amplitude of aſcention A C. The ditfe- 
rence betweene the end of twil ght and the day breake 
is very ſmall; for it ſeemes the pa: a!rell of the Sun doth 
hardly crofle the line of cyilight. 

K 2 If 


63 Of the Proieion of the Sphare, 

If the altitude of the Sunne begiven, Jer a line bee 
drawne fro n it parallell to the horizon; fo it (hall croſſe 
the prrallell of the Sunne, aad there ſhew both th: azi- 
muth gd the houre of the houre of the day. As if the 
place of thz Sunne being giver as before, the Artiude 
11the morning were found to be zo degy. the line F G, 
drawne para'lc!l to the horizon through 25 degrees in 
A Z, wcould croſlc the paralicil of the $1:1 in ©- Where- 
tore F © ſhewch the azimuth, and L 5. the quantitie 
ct hourcs from the weridian, It (e:mes eo be abouc haite 
on houre paſts in the morning, and yet more them:alte 
2 point (ort ofthe Eaſt. 

Tie diſtz ce of two places may be alſo ſhewed by 
this proi-dtion , their latitudes being knowne , and their 
ditterence of longitude. 

For ſuppoſe a piace 1n the Eaſt of «Arabia, having 
20 degr. of North latitude , whoſe diffcre1ce of lon- 
girude from London, 1s found to be a1 Eclipſe to be 5 
houres 5, Let Z bethe Zenithof London , the parallel! 
of latirude far tha: other place m:i{t be Z D, in which 
the difference of. longitude 1 IL. ©. Wherefore © repre- 
ſenting the ſie of thar p'ace, I drawc through © a pa- 
rallzll to the horizon 47 H, croſling the ver:icall A Z 
neare about 70 degres from the zenith, which malti- 
plied by 20, ſheweth the diſtance of I ondon, and that 
place to be 1400 Ieagues. Or multiplyed by 60, to b? 
4200 miles. 

2 The Sphere may be proieted in plano bv circular 
lines, as inthe gencrall Altrclabe of Gemma Friins, by 
the help of the tangen: on the ſide of the Se#or, 

For let the circle given repreſent the plane of the g<- 
erall meridian as before ; let it be divided into foure 
arts, and croſſed at right angles with Z A& the equa- 
tor, and P FS thc circle of the houre of 6, wherein 
P ſtands for the North pole, avd S for the-South pole. 
Let each quarter of the meridian be divided into go. 4e- 
gres and fo the whole into 360, beginning from P, 


and 
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and AS thennv:reot 10, 20, 30. &c. go at £, 
a80 atS, 270 at &, 35 ar P. The tem dianers 


AP, AX, may be divided accordin; to the tangents 
of hulfe cheir Arkes, thit 45 a ra17:; n: of 45 aegreer, 
which is alwaycs 102999 cquall to the Radius) {all give 
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the ſemidiamiter of go degrees a tangent of 40 degyees 
$3910, ſhall give 80 degrees, in the ſemidiamiter : M 
tangent of 35 degrees 70021 hall give 70, &c. So tha: 
the ſemidiamerers may bee divided in tuch fore as ;he 
tangent on the ſide of the Sector , rhe difference bcino 

acty in their denomination, - 

Having divid.d the ciicumfterence and the femidia- 
meters, we way calily d:aw the wmeridia1s and the Para- 
llels by the h-lp ot che Sectcr. 

The meridians arc to be draiwne thro:12h both the 
poles P and S, and the degrees befcre graduied in the 
Xquaror. The diſtance of the center of cach « ecidian 
trom A the center + the plane, 1s <quall ro the tang.nt 
of the ſaine meridian, reckoned fromthe geteta!l me- 
ridian P AS E, aid the ſemidiameter £quall co rhe fe- 
cant of the ſame degree, 

As for exmple, it | ſhould drawe the meridianP BS, 
which is the tenth from P & S, the tangent of 10 gr. 
17633, giverh me AC, and the iecant ot 10 77. 101543, 

iveth me S C, wherefore C 1s the center of the meridian 
PBSE&CS his ſevidiameter: fo AF a tangent of zo gr, 
36397 ſheweth F to be the centerof P DS, the twene 
ticth meridian from P A S & A G atavgent of 23 gr. 30 
m. 43431, ſheweth & to be the center of P 6g FS, &c. 

The parallels are to be crawne through the de, recs, 
in AP, AS, ad ther correſpondent degrees in the 
generall mer1dian. Thediſtarce of the center of each pa- 
ralleil from A the center of the plane , 1s equa!t to the 
ſecant of tie ſame parail-Il trom the pole, and the ſemi- 
diamcter quail to the ranger of the ſam- devree As 
if 1 ſhould draw the parallel! of 80 deprees which is the 
tenth from the pole S, firſt I open the compaſl. s unto 
AC the tangent of 10 deorees 17633, ard this giveth 
me the ſemidi: meter of this parallell, whoſe center is 
a little from S, in in ſuch diſtance as 101543 the ſccants 
SC is longer then ro0000, the Radius5 A. 


The meridians aud parallels being dra wi.c, if we nume 
ber 
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ber the 23 degr. 30 mw. from E to 3 Norchwards, from 
A to w Southward, the line diawac from & to ve (hall 
be the ecliptique : which being divided 1n ſg 1 fort as 
the lemidiameicr A P, he {1:1t 30 degr, trom A to $5 
ſha? (tuid tor the line of Y; the 30 degy. ext tollowing 
tor &; the ret for rr 5 £1. &c. nth ir order. 

It farther we have rcipe.l uito the latitude , we may 
number i: fiom E North ward unto 2, and there p:ace tnc 
zenith, by which and the center, the line drawae Z A A 
{hail r: preſent the vertica!l circle, and the line Me fd 
crotling it at rig!1tt an.;'cs , ſhal' repreſent the horizon z 
and theſe divided in the fame fortas A P, the carcles 
erawne through ca h d grce of the lemidiamercr A Z, 
para.icll to the hor1zon , ſhall be the circles of alticude ; 
and the circles drawne thiough the korizon ard his poles, 
{bali giue the Az1muths, 

For example «t ch's p oicXion, !et the place of the Sun 
be in the beginaing of +>, the paraile!l paſſing through 
this place 1s :2 © L, ans therefore te meridian altitude 
A7 EL, ard the deprefiion below the horizon at midnight 
RF 0, the ſemidincia'l are L ©, the fernizoctaurnall arke 
OD, the dechiva ton 2 R. the afccnfionall diff-rence R © 
the amolitude of aiſceition A ©. 

Or if A be put toreprefe it the pole of the world, 
then ſhall PZ 3 E ſtand for the zxquator, and Þ & $ v 
tor the cc'iptiqic, :n4 rhe reſt which before (tood for 
meridians, may n21w feruc for paiticvlar hur.zons , ac- 
cording to their ſeveral! c!eva:ions. Then ſuppoſe the 
place of the Sunne given to be 24 degrees of &, his lon- 
girude ſhall be P 7, h:s right aſcention P H, his de-+ 
clination H 7, And-if the place given be 19 degr. of 51, 
tis longitude ſhall be P XK, his right aſcentioa P XN, his 
declination A_K. Againe, :he deciination brought to the 
horizon of the place, 121i chere ſhew the afcentionall 
diffcre:ce, amplitude of afcenti- n,& the 'ikxe concluſions 
of the globe. ut 1 intend not here to ſhew the vie of 
the Aſtrolabe, bur the vic of the Seffor in protection. P 
An 


72 Of the projietlien of the Sphaye, 
And after this manner may a noQurnall be proiected to 


ſhew the hopre of the night, whereof I will ſet doyae a 


n 
type for the vic of Sea-men, 


It conſiſts as you ſee of two parts., the one 1s a plane, 
divided equally according to the 24 Foures of the day, 
and each heure into quarters or minutes, as the plane 
will bcare 2 the line frem the center to XII, ſtands for 

the meridian, 2nd X11, ftards for the houre of 12 at | 

- midnjght. The cther part is a rundle for ſuch ſtarres as | 
are neare the Nerth pole, tcgether withthe 12 moneths, 
and the dayes of cach moncth fitted to the right aſcenti- 
on!of the ſtares, Theſe that haue occaſion to fee the 


\ South 
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South p5!e, may do the like for the Southerne conſtclla- 
tions, and put them in a rundle on the back of this plauc, 
and ſoit may ſerve for all the world. 

The vie of this nocturnal! 1s eafie and ready. For 
looke vp to the pole, and ſce what ſtarres are neare the 
mcridian, then place the rundle to the like fituation, 10 
the day of the moneth will ſhew the heure of the night. 

3 The Sphare may be proicted in p/ano by circvlar 
lines, as in the particular Aſtrolabe ot 1ghr Stophlerin, 
| by help ofthe rangeyt, as beforc. 

For let the cucle given repreſent the tropique of w, 
ket it be divided into fowre parts, and croſſed at right 
angles with A C the equinoRiall coloure, and 41 B 
the ſolſtitial! coloure, and generall meridian, the cen- 
ter P repreſenting the pole of the world. Let cach quar- 
ter be divided into 90 degrees, and fo the whole into 
3%o, beginning from eA rowards B, The meridian P 
AL1, or P B, way be divided according to the tangent 
of halfe his arke, So as the aker from the North pole 
to the tropique vp, being go degrees and 23 degrees 30 
», that is 113 egrees 30 2. and the halfe arke 56 de- 
grees 45 m, the meridian ſhall be divided into go de- 
grees and 23 degrees 30 mw. in fuch fortas the tangent 
of 56 degrees 45 m1, on the (ide of the Seftor is divi- 
ded into degrees and halfe degrees; of which P & the 
arke of the xquator go desrees from the pole, ſhall be 
given by the rangert ef 45 degrees, And P 69 the arke 
ot the Summer tropique 66 degre:s 30 mb, from the 
pole, ſhall be given by the tangent of 3 3 degrees 15 Wm. 
Ard the circles drawrie vpon the ceneer P through £. 
and I, ſhal' be the Xquator, and the Summer tropique. 

Having the zquator and both the tropiques , che 
ecliptique 5 = y ſhall be drawre from the one 
tropique to the other , throuzh the interſetion # the 
zquator and the EquinoQtiall colure, And it may be 
divided firſt into the rwelue ſignes after this manner: Þ 
ZE thearke of the pole of the ecptigus 23 degrees 30m. 


: frof 


74 Of the Proie Bon of the Sphave: 
from the pole of the world , ſhall be given by the tangen® 


of 12 degreer 45 ms, The cemter of the circle of lon- 
girude paſing through this pole E yy and =, (i.ull be 


tou:d at D ( ſomewhat bclowe B ) by the tangent of 


66 degrees 30 m. Then through D draw an occulc line 
paralleil to A C. and divide ic on cach fide from D, in 
ſuch ſort as the tangent is divided on the fide of the Se- 
Qor, allowing 45 degrees to be equall to D E, So the 
thirtith degree from D toward the right hand, ſhall be 
the center of the circle of longitude paſſing through © & 
and ny. The fixtith degree, the center of x E 3. The 
thi rtith degree from D towards the left hand , the ccr.* 
rerof x E ny. The ſixtith, the center of = E NM. And 
the other intermediate degrees ſhall be the Centers to di- 
vide cach figncinto 3o gr. p 

If farther we have reſpeR unto the latitude, we may 
( the meridian being before divided ) number it from P 
North-ward unto H, and there place the North inter 
{cRion of the meridian and horizon: then the comple- 
meat of the latitude being numbred from P Southward 
unto Z, ſhall there give the zenith ; and go degr. from 
Z Southward unto F, ſhall there give the South inter- 
{cRion of the meridian and horizon. The middle be- 
rweene F and H ſhall be G the center of the horizon 
v H=F, paſſing through the beginning of Y and =.un- 
lefle there be ſome former errour. 

All parallels to the horizon may be fonnd in like 
ſort by their mterſetions with the meridian , and'the 
middle betweene thoſe interſections is alwayes the cen- 
er, 

The Azimuths may be drawne as the circles of lon- 
gitude were before, For the circle of the firſt verticall 
Y Z = will be foundat 7 ( ſomewhat neere unto B ) 
by the tangent of the latirude. And if through 7 we 
draw an occult line para/lell to ef C, and diyide it on 
each ſide from 7, in ſuch fort as the tangent is divided 

on 
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on the fide of the Seffor, allowing 45 degrees to be e 
quall to L Z, theſe diviſions ſhall be the centers, and 
lthe diſtance from theſe diviſions unto Z, ſha!l be 
the ſemidiameters whereon to deſcribe the zeſt of the 
Azimuths, | | 
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76 Of the Proiefion of the Sphere. 


For example of chis praieHtion, let o the place of 
the Sunne given be 10 degr.of v: aricht lines drawne 
from Þ throug" this place unto the x 1uacor,thill chere 
ſhzw his right aſcention 1 XC, and his declination K 0, 
Then may we o: the cencer 'P and ſcmidiamicer © P, 
draw an occu't parallel! of declination, croiling the ho. 
rizon 11 £L and AM, che m:ridianr in G and XV. Sothe 
righe lines P L and P 7 proliced, ſhall thew the 
time of the Sumnes rifing and fecting,  Q the dlittcrence 
of aſcention, == R the difference of delcention , v L 
the amplicude of his riſing , and =: 47 .che amplitude of 
hi s ſetting. Z N 2 ſheweth the length of the nighe. 
Z G ſheweth his diſtance from the zenith at noone, 
N his depreilion below the horizon at midnight. And 
then having the altitude of the Sunc at any time of the 
day, the interſeRion of the prrallell of altirude with the 
parallell of declination, ſheweth the Azimuth, and a right 
line drawne from P through this inftrſeRion, giveth 
the houre of the day. 

4 The Sphzre may be proiefted in pin by circu- 
lar lines, after the maner of the old concave hemiſphzre, 
by the help of the tangent on the ſide of the Seftor, 

For ler the circle given repreſent the plane of the hori- 
zon , [ct it be divided into foure parts, and croflcd ar right 
angles with $ N the meridian, and E / the verticall; fo 
as S may ſtand for the South, I for the North, E for 
the Ealt, Y the Weſt part of the horizon , and the center 
Z repreſentallo the zenith. Let cach quarter of the ho- 
rizon be divided into 9o degrees, and ſo the whole into 
360 dere. beginning from N, and ferting to the numbers 
of 10.20.30. &c. goat E, 180at S,279atY, 360 at XN, 

T he ſemidiamirter Z ,, Z $, may be divided accord- 
ing to the tangent of halfe their arkes: foas the arke trom 
the zenith co the hor zon being 92 27. and the halfe arke 
45 £7. the ſemidiamiters arc to be divided in ſuch ſort as 
the tangent of 45 gy. as was ſhewed before in the ſecond 
projection, Andif trom Z we draw circles through cach 


of 
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of th: diviſiu, they (hill bepariite!s of altitude. 
Thz1 havins rep: Tar che alin Tl: , we may (che 
meridiaa being before divided) nam'3:r it from Z to 4, 
and there place the interletion of the meridian aad xqua» 
s tor. The co.vyplement of the laticude from Z vato P, 


Fu 


*: - / I \ > a 
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| ſhall there give the po!e of the world, and 9o further 
from P ſhall there girc the other interſeRion ,of the me- 
ridian and zquator, 
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* The middle betweene theſe interſeQions Hhall be 7 


the center of the zquator, peflirg through & and Y 
tnlefſe chere be ſome former errour. The interſe@10ns 
of the tropiques depend on the zquator. From & xg 
degrees 30 we, farther ſhall be wv the interſe&ion of the 
meridian and tHe Scutherne tropique. From A& 23 de. 
grees 3o m-. rearcr ſhail be &, the interfeRion of the 
meridian ar.d the Noriherne tr: pique. The interfſeRions 
of the other inter mcdiate parallels, i] al) be given in like 
fort, by their degrees of diſtance from the zquator, and 
the middle betyecne thoſe interſeRions 18 alwayes the 


gcntcr, 


The houre circles may be here drawne as the Azirruths 
in the third proieRtion, For the center of E P F, the 
houre of 6 will be fourd at Þ (ſomewhat rcare anto 
X_) by the tangent of the latitude, And it thrcugh B 
we draw an occult line patallell unto & Y, and divide ic 
on cach fide from B, in ſuch fort as the tangent is dis 
vided on the fide of the Sefor, allowing 45 degrees to 
be equalt to B P, and 15 degrees for every houre : 
thole diviſions ſhall be the centers, and the diftance from 
the diviſions unto P, ſh:ll be the ſc midiameters, wher- 
on to deſcribe the reſt of the þoure cucles, 


The eclip'ique may be drawneks the zquator , For 
the center of th:t halfe which hath Southerne declinas 
tion, ſhall be given by the tangent of the altirude, which 
the Sunne hath in lis entrarce into w. Aid the cen» 
ter of the other halfe, by the rargent of his a)ticude, at 
his entrance into 9. Ard it may bc divided, as in the 
former proicRion, or elſe by tables calculated to that 
purpoſe. 

To theſe circles thus drawne , if we ſhall addd the 
moneths of the yeare, and the dayes of cach monech, 
as we may well doe, at the horizon, on either fide be- 

tweene 
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betweene the cropiques ; this proiection ik! be hifthd 
tor the moſt victull couclufions ot the Globc., 

For the day of the mouecch beirg given, che pare: ct 
that ſhooreth on ic, doch ſhew wat vecur.atontle yuunc 
hath archac time of the yeare» Avd where ihis paralicll 
croflech the eclip:1que, there is the place of the Sunne. Or 


- the place of the Snuue owung firſt given, the paralleil which 


eth ic,ſhall at the horizon ſhew the day of the moncrh, 
Either of theſe chen being given, or on«ly the parallel of de. 
clination, we may fol'ow it firſt unto the horizon, there 
the diſtance of the end of the paralle)l from E or Y, ſheweth 
the amplitude; the lame among the houre circles ſheweth 
the time, when the Sunne riſeth or ſerreth. Then having 
the alticude of the Sunne ar any time of the day, the incer- 
ſeion of the paralle!l of declination with the paralleli of al- 
titude; ſheweth the houre of the day; and a righe line 
drawne from Z, through this interſeRion to the horizon, 
giveth the Azimuth. 

Thus in either of theſe proicions, that which is other- 
wiſe moſt troubleſome, is eaſily done by the helpe of the 
rangent line : and what I have ſaid of chis line, the fame may 
be wrought by ſcale & numbers out of the table of tangents 


CHAP.IV. 


of the reſolution of right-line Triangles. 


N all Triangles there being fixe parts , vize three angles 
Ting three ſides, any three of them being given, the reft 


may be found by the SeQor, : 
As may appeare by the Prop. following, wherein for ou 


praiſe we may vſe theſc triangles CE A, CEB, C ED 
are reQangle in E, and AjG F reRtang)e in G the reſt coulilt 


l = 
of oblique angles Les 
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In 4 Reftanelerizht line Triangle, 
1 To frnde the baſe, both ſides beung Tiven. 


gt 
Ki Let the Seor be opened in the line of /ines to a right an« 
gle, (as before was ſhewod Cap. 2. Prop. 9.) then take ont 
| the ſides of the triangle, and lay them, ane on ane /ine, the 
; 
: 


other onthe other /me, ſo as they m-cte in the center, &: 
marke how farre they exrend. For the /ine taken from 
the termes of their extenfionſhall be the baſe required, viz, 
the fide op” ofite to the right angle. 
 Qradde the {quares of the rwo ſides(as in Prop.z. Super - 
kc ) and the fide of the compound ſquare ſhall be the baſe, 
Asif chelines ef Z, C F, ſhou'd be the (id +5 about the 
right angle, and it were required to find the baſe lub:ending 
the right angle. Firſt 


- 
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. E:folwioref right-tine Triangles - 7s 
- Firſt,1 ſer the line of Lives toa right angle by applying the 
whole line of xo from 6 inthe one liac to 8 1a the other. Then 
ikche greater of the two lines given belede then the line of 
Lines, [take the greater of thein eAE, and transferr it with 
the compaſles into one of the lines of liner, and find, that, in 
my Setter (which is F4 inches long, and fo, the line of Lines 
almoſt 7 inches) it reacheth from the center to 518, 

Againc, [| takethelefler liac C E, and transferr it into the 
other line of Lewes, and find, that it reacheth tromthe center 
unto 15 1, wheretfore I take the Giltance from 151 unto 518, 
and ſirch is the length of che Bale A { required, 

[feither ofthelincs given be too large for the SeFor, then 
I may meaſare them by feet or inches, and ſuppoſe I fand the 
length of A © to be abour 720, and of C E\ 210 Then, in the 
tine of Lines (being ſet, one perpendicular to the other, a8 
before) | extend the Com paſſes from 210 unto 720;and mcae 
ſuring this extent in the line of ines, ft1:d itto be 750 parts, 
wherccfore, I prick downe 750 parts, in the line A C, from 
che' ſame ſcale by which I meaſured :A E,and CE. So, this 
line A {ſhall be the Baſe required. 

In working by the line of Superficies. I need no opening 
of the Sefor. For, taking the line C E with my compaſles, 
and meaſuring it in the line of Swperficies upon my Seftor, I 
find it necre 13. parts, 

Then taking the line A F, 1 find it to be about 269; Thele 
two being added together make 292 : and this extent is che 
tength ot the bale eA (. required. 


2 Toſind the baſe by having the angles , 
and oxe of the fides given. 


_ Take the fide given, and turne it intothe parallel ſine of 
as oppoſite ang)c; {o the parallel Radius Hall be the bale. * 

As it the line A E were the ſide of a :1eRangle triangle op- 
__ to an angle of 73 27. 45', and it were required to find 
the Bale, 


Fukt, I take the fide + E with my compaſſes, and ſet tt 
| M ova 
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it over in the fines of 73 Gr. 45". So, the parallelf raſiug rat 
ken from between: 99 and go, wil give the Bak AC 
required. 

If the fide given be ſuch as cannot wal be fitted over in 
the fines of his op>dſice angle, I myy mzaſure it by feer or 
inches, and ſuappolc I find che length of A E co be 729. then 
Would [ take 720 parcs, out of the line of lin-s, and make ic a 
parallell Sine of 73 gr +45 + So, che paral 'ell Radius taken from 
betweea 9o and 92, and meaſered in the line of lines will be 
found to be aHout 752 parts : Wherefore, I pricke downe 
750 inthe line A C, by th: ſame ſcale, whereby I mcalued, 
AE: ad this line AC (hall bethe Baſe required, 


4, To finda ſide by having thebaſe, . |; 
and the other ſide given. , 4 


(1 


—4 
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Let the Sc&or be opened in the lines of &nee to a right 
+ngle, a14 che (ile given laid on oac of choſe lines from 
*he center : then take the baſe with a paire of compaſſes, ant 
ferting one foote inthe rerme of the given hid2, turne the 
other to the other linc of the Se For, andic ſhall there ſhew 
the (ide required. 

Ortake the ſquare of the (ie out of the ſquare of che baſe 
{as in Prop. 4. Swperf.) and the (ide of the remaining (quare 
ſhall be the (ide required. 

Thus having A C for the Baſe, and CE, for the fide of 
a reQangle triangle , the other ſide will be found co be 
AE. 

Or, if AC, being mexlured, be 750, and CE, 
210, the other (ide AE will be found to be 720. 


4 Tofinda ſide having the baſe. 
and the angles given, 


Tak the baſc given, and onke it a paralic!l Radius , fo 
| the 


” Reſolution of reght-linetrlanghett , xt, 
thi paralle]I mes of the angles, ſhall bee the the oppoſite 
Kdes zcquired. | Ivy 

Thus inthe ReAangle AEC, if A C be made a parallcll 
Radius , the paralle}l fine of 73 87 45” w1.l glve the fide 
:AE; avdthe parallel! ane of 16 Gr, 15' will give the &- 
the: Gde CZ. 


4 To find 4 fide by having the other [+96 
andihe angles given, 


Take the fide given, and ene it into his parallell fre of 
his oppoſite angle : ſothe parallel /»e of the complement 
Sal berhe Gde _ 

Thus inthe ReRtangicDE C, if CE be made a parallell 
fine of 5 3 Gr. 8' the parallel! fine of 36 Gy. 52. will give the 
fide ED 4 and the parallell fine of go gr, will give the 
Baſe C Dy 


6 To fndibe angles by beving the baſe 
your one of the ſides gives. 


Firſt, take out the baſe given, and laying it on both ſides 
of the ScRor, ſoas they may mcete in the center, and marke 
how farre it extendeth. Then take out che latera!l Radius; 
andto it open the Seftor in the termes of the baſe. This 
done, take out the ſide given, ard place it alfo on the ſame 
lines of the Seftor from the center. For the parallell taken 
in the termes of this fide, ſhall be the fine of his oppofite 
angle, 

Or take the baſe given , and make it a parallell Radius; 
then take the ſide given, and carrie it parallel! to the baſe, 


till it ſtay in like nes : ſo they ſhall give the quantitic of 
the oppoſite angle. 


Thus in the Reftangle A E C having the Baſe AC, 
_ the fide A E, you way Ende the angle CAE, to be 
16 gri ty, 
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32 Reſolution of right-lint triangles; 
7 Tofind the angles by having both the 
| ſides given 
Take out the greater ſide, and lay it on both ſides of the 
Sector, ſo as they meete in the center, and marke how farre 
icextendeth. Then take the other (ide, and to it open the Se» 
Ror in the rermes of the greater ſide; ſo the parallel! Xalius 


ſhall be thetangeat of the leſſer ang!e. The third angle is al- 
wayes knowne by the complement, 


Thus in the ReRangle D E C, having the ſides C F, ail 
£*D, you may find the lefſer angle E CD to be 36 g.52/, and 
thercfore the other angle ED Cto be 53. 8' 


$ The Ralius being gtven, to ſind thetanzent, 
andſecant of any arke, 
9 Thc tangent of any arke being given, to find 
the Secant thereof, and the Radius. 
10 The ſccant of any arke being given, to find 
x. 1h tangent thereof, and the Radius, 


The tangent, and the ſecant, together with the Radius of 
every arke,do makea right angle triangliez whole ſides are 
the Radivs and tangent, and the baſe alwaycs the [ecant; and 
the angles alwayes knowne by rcalon of the given arkes, 
As in the ReAang'eeA E [, it on the center eA, and ſemi- 
diameter A E,you deſcribeacircle, then make AE, to be 
the Radius,and E C, atangent of 16. 15 and A C a ſecant of 
16 27. Is". 

If you deſcribe a circle on the centcr {\, and ſemidiameter 
C E,thenis CE the Radius and Z A, atanget of 73. 45” and 
© Aaſecant of 73. 45. 


IVherctore the lolution is the ame with thoſe before. 
| Tnanyright-lined triangle whatſoever, 


11 Tofinda ſide by knowing the other two ſides, 
and the angle contained by them, 


Let the Setor be opened inthe lines of Unes to the angle 
given. 


Reſolution of right-line rrianghes, $7 
#ivenas TI ſhewed before cop 2 Prop. 7. Then take ont the 
ides of the triangle, & laying them the one on the one line, 
the other on the other; 'o as they meete in the center, marke 
how far they extend. For theline raken betweene the termesy 
of their extenfion , ſhall be the third fide required. 

AsSif A Cand A D were two. fides of a right lined trian» 

le conteining a'1 angle of 16 gy. 16' and it were required, wo 
find thethird ſide ſabtending ehis angle. 

Eirſt I ſet the lines toan angle of 16. 16', by applying the 
fineof 8gr.8' over inthe porn:s of 50 and 50, in the line of 
lines. That done, I rake th: long-rline AD, and transfer it 
with my compaſles, into one of the linz's of /ines, and find ic 
to reach trom rae center to 720, 

Againe, I cake the lefler line A C, and transfer ic into the 
other linc of /mes, where it reacheth from the centerto 540. 
wherefore, I rake the diltznce trom 549 to 729, and ſuch is 
the length ofthe 3 ſide C D required. 

Or (if thelines be given in meaſure) AD roo, and AC 
75 : lextcndthe compaſies from 100to 75, and mealiiring 
this extent in the line of /ses, find to be 35. Whereupon | 
take 35 parts out of the ſcale, by which A C, and A D were 
meaſured and prick them downe in the line C D. $o, this 
line CD, (hall be the third fide required. 


12 To finda ſide by having the other two ſides, 
and one of the adiacent angles, ſoit be 
tnowne which of the other angdes 
# acute or oblique 


| Tetthe Sefor be openedin the line of /ines to the angle 
mivci,and the adiacent (ide laid on one of thoſe lines fronz 
the center; then take the other lide with a paire of compale 
ſes, and ſetting one foote in the terme of the former given 
fide. turne the other to the other line of the Sefor which here 
zepreſcnteth the ſide required, and it ſhall crofſe it in two 

_ M 3 | places 


$4 Reſolution of right. line Triangles. 
places;but with which of them is the terme of the ſide requi« 
cd, muſt be judged by the angle. 

As it inthe triangle following the fide eL C being given, 
and the ſide CD andtheargleC AD 16gr. 16 mw. xwac 
1cquired to find the fide A D. 

Firſt I open the Seor inthe line of /ies to an angle of 
16 gr. 16 m, and laying the adiacent fide from the center «L, 
find where ic extendeth in C. Thea I take the other fide C D 
with the compalics,and ſetting one foote in C, & turning the 
other to the other line of the Seder I fand that it doth croſle 
it both in B and D. 

Or, (if the. lines be given in meaſure) A C yy, and 
CD 35; I may take 35 out of the line of /ines and ſetting 
one foote in 75,1 ſhall find the other foote to crofle the other 
line of the Seftor, both at 44 (anſwerable to A Þ) and at 108 
(anſwerableto AD.) 

So that it is uncertaine whither the ſide required be A B 
or A D, onely it may be judgedby tho angle» For if the in- 
ward angle where they crofle be obtuſe, the fide required is 
the !lefler; if it be acute, itis the greater, 


13 To find aſide by having the angles, 
and one ofibe other ſedes given, 


Take the fide given, and turne it into the parallel! fine of 
his oppoſite angle ; fo the parallell fines of the other angle 
ſhall be the oppoſite ſides required. 

As if in the triangle ABC, having the ſide A D, and 
knowing the angle C A B to be 16. gr. 1G, and the angle 
AB Ctobe143.8, it were required, to find the two other 
fides, A C,and BC. £ 

The three angles of a right-lined Triangle, are alwaycy 
equall to 130 Gy. wherefore, I adde 16 Gr.16' unto 143.27, 
8". and by the remainder to 180 Gy, find the third angle 
A C B oppoſiteto the knowne fide' A F, to'be 20'gr.'36's 
Thos Sanka the fide A B,and make it a parallcll fine of 29 
&- 36. -- "0 PTC, 


DJ 
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© $0, his parall-ll fine of 16: 15 will be the ſide Þ C; andthe 
Pxallell fine of 143.8' will be the fid: eLC, 

Or, if m:afaring the fide A B 1 fixd it to be 44; I may 
' take 44 parts, either out of the line of /5nes, or out of any 0- 
ther ſcale of cquall parts, and make it a Parallel fine, of 20 gr 
36'. Sohis Parallel! fine of 16 57. 16' meaſured in the fame 
{cale, will give 35 for the leng:hof the fide B C : and the 
parallel ſine of 35 gr. 5y' will give7y, for the length of the 
other ſide A C. 

When the angle com:s to be above go 27; the fine of 80 
gr; doth ftand for a (ine of roo gr; and the fine of 70 gr. 
fora ſincof 110 Gr. and fo thereity, forcthoſe, which are 
their complements to 180. degrees. | 


14 To find the proportion of the ſide 
by having the three anzles 


Takethe laterall ſin:$ of che angles, and meaſure them in 
the line of lines. For the numbers belonging to thole lines 
do girethe proportion ofthe ſides. 

Thus, in the two equi-angle triangles AE C, AGE, if yoa 
cake the laterall ſine of go gr. for the right ang'e at E and G, 
and meaſure it inthe line of /ines, you ſhalll find it to be 100, 
Then take thelaterall fine of 16 Gr. 26' for the common 'an- 
gle at A, you ſhall fiadirt to be 28. Take che laterall ſine of 73 
$7, 44 for the third angle ac C and F, you ſhall find it to bs 
95. Such therefore is the proportion of the (ides. 

AS 100. 96. 28. So arc 75. 72, 21+ 


15 To find an angle by knowing the 
Three ſides. 


Let the two containing fides be layd on the lines of che 
$+or, from the center, one on on: line, and the ocher on the 
*herz andlet the third de, which is oppolice to the angle: 

| | required, 
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required, be ficted over in their termes : ſo ſhall the Sefor bg 
opencd in thoſe lincs tothe quantitic of the angle required. 
T he quantitie of this angle is found as in Cap: 2 Prop. 8, 
Thus having he 3 lides of the triangle A C D, to find the 
anglcat A. I rake the 2 conteining (ides 4 D, A C and trand- 
ter chem with my compaſi:s into the lines of Lines : whene 
I find the one co reach trom the cemer, to 72; the other, ts 


5+» 

Then I take CD, (the fide oppoſite to the angle at A) and 
fi: that over betweene 72 and 5 4+ 

Or it the 3 ſides begiven in meaſure A D, too; AC 75: 
CD 35:1 might take 35 for the ſide C D our of the line of 
L nes, and ſer that over from 100to 75. This don I take the 
diſtance betweene 50 and 5o and mealuring it in the line of 
Sines | find it to be about about 8gr. 8'. you double whereof 
18 16 gr. 16' the angle required. 


16 Ts finde an angle by having two ſides, 
and one adjacent onele, 


Firſt take out the ſide oppoſite to the angle given, and 
laying it on both ſides of the Setor, ſo as they mecte 11 tlie 
center, marke how far it extendeth ; then take our the latc= 
rall ſine of the angle, andto it open the SeRtor in the eermes 
of the firſt ſide : this done, take our the other fide given,und 

lace it alſo on the ſame lines of the SeRor trom the ceuncry 
he the parallells taken in the termes of this (ide , ſha'l be the 
fine of the angle oppoſite to the ſecond fide. 

Or take out the (de oppoſite to the angle given, and make 
it a parallell fine of that angle 2 then take the other fide g ven 
and carric it parallel! to the former: till it ſtay in like tines? 
ſo they ſhall give the quantitic of the angle oppoſite to the 
{ccond (ide. 

Thus iathe wrongle AC D, knowing two ſides A C,CD, 
withtheangle C A D oppoſite tothe A C D, you may find 


theangle A D C oppoſite to the other knowne {ide A C. to 
1+ Te 


be abour 36 gr:52', 
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17 To find an angle by having two ſides, 
and the angle contained by them. 


Mrſt find the third ſide by the Il. Prop, and then the ar 


pl-s may be found by the 1 5. or 15. Prop. 


For obſervat'on of ang'e>, the Seffor may have ſights ſet 
on the moveable foote ;z ſorhat by look:ng through chem, 
th- edges of the Setor may be appli. d to the fides of rhe 


angic, 

For meaſuring of the ſides of lefler tri- 
angles, any fcale may {uihce, cher ot tote, 
or inches, orlefler parts. Buc for g.cater tri 
anglcs, ctpecially for plotting of grou ids, 1 
ho.d ic fic ro uſe a chaine ot tou:e perches 
in length, each perch d vided into 25,a .dthe 
wholc chaine an hund:ed links, whercia, it 
the whole chaine be (according to 16; foot in 


a perch) 66 foote (that is, 792 inches} cach | 


leverall link will bc 7 inches and ©: 

It (according 'o 18. in the perch) the 
whole chaine be 72 tcet in 1.ngth (that is, 
864 inches ) then, cach ſeycra'! link will be 8 
11ches and <4. 

For fo the length being multiplied into the 


bredth, th. five laſt figures give the content | 
in roods and perches by this Tablc;the other | 
bgures toward the left hand, doe ſhew the | 


number of acres direaly, 

As ina long {qnare, where the length is 24 
chaines®the bredch 13. chaives ©, tiic uſuall 
way 1s, to reſolve the chaines into perches ; 
So the length is 97 perches and the bredrh 
54 perches. Thele multiplied one into th&o0- 
ther make 5238 ſquare perches and thoſe (di- 
vided by 160) give 32. Acres, 2 rcods, and 
33 perclics for the coatent required, 
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Bat, reckoning by chiines and linkes, the length is 24 cb; 
2571, ch: bred:h 13c5. 59 /iake, DThate maltipled one into 
the other mike 32, 73752 ſquare links. Then, cutting of 
the 5 laſt figures,l h14 32, A-res 73750 5n.fuch as an 100003 
do make an acre, Of which 795-9 are equall to two roods 
33 perches:z and the reſt 3755 equall co 6 perches more (ag 
appeareth 5y this tib/e. ) $5, the wole coceat is 3 3 acres, & 
rods, 38 perches, as befor c. | 


GRAP. V; 
Of the reſolution of ſpherical Trianoles. 


FE vr our praiſe in ſphzrical! triangle, let «Abe the equi- 
L no:tall point, «A Banarke of the ecliptique reprelten- 
ting the longitude of the Sunnc in the beginning of &, 
B Can arke of the declt1a-ion fron the Su1ne to the £qua* 


_ Ffor,and ACanarke of the cquacor repreſenting the right 
— Ucealion, 
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LetB D be an arke of the horizon repreſcating the am- 
REEDE > plicnde 


Reſolution of ſpherical Triangles, 3s 
Plitude of che Sunnes riſing from the Eaſt, and Þ E an arke 
of the horizon for his {ctc ug trom the Weſt: fo DC ſhall be 
thc dift-1 ence of aſcenſion, and { Erhe d: ference of defcens 
ſion; A D the oblique afcenſion, a'dl AE the obi:que de» 
ſc:nfion of the ſame place of the Sur.ne 11 our attitude at 
Oxford of 51 gr. q5 m. whole complunert 3h gr. 15 mw, 18 
tiicangleat Eand D. Thetrianglr ACB, DCB, ECT, 
arcr. tangle in C:the other ADB, AC B,co.lilt every way 
of 0b1:que ang'cs. 
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Or to fitan example nearer to the latitude of Lovden, T ey 
Z P S repreſent the zenith poleand S.1m,Z ÞP bet:g 38 Gr, 
30 m». the complement of the latitude, P S 70 Gr.ihe compice 
men” of the d:clination, and Z S 4e Gr. the compicme:r of 
the Suns 4't tude. The angle at Z ſhal! (hew th. az1'mu h, and 
the a':gle at P, the houre of the day from the inc din Then 
ittromZroPS welcrt downe a perpendicuia Z K we !' all 
reduce the oblique triangle into two recta;'gle tr:24g cs 
7 RP,Z RS. O: if fromStoZP we let dome a pct yp I 
dicular S A, we ſhall reduce the fſameZ PSntorwo ohi 
tang es,S HZ, SH Preangleat Miwhatiiever 1s wm 
N 2 ol 


' | | {4 NI 2 TT TO he ts 


- Reſolution of ſpherical Triangles, I: 


ef any of chele triangles, the ſame holdeth tor all other tri - 
|. > inthe like catcs, 
For the rclolutio of cach of theſce,there beſceverall wares. 
I onely chule thoſe which are brreſt tor the Sefor, wher 1n 
af that be remcembred which before 1s ſhewed inthe g nezall 
vic of the Seftor concerning laterall and parallell eatrance, 
it way ſuifice onely ro fer downe che-propolition of che three 


parts given to the fourth required, and fo 1 ſhew ti-ſt by the 
ſin;8 aloues 


Ina reFangle triangle. 


1 Tofinde a fide by knowing the baſe, and the 
angle oppoſite to the required ade. 
As the Radius 
15 to the ſine of the baſe: 
So the line of tie oppoſite angle 
to the (inc of the fide required. | 

As in the reQtangle eACB,having the bac eA B,the place 
ef the Sunne 3o gy. trom the Equino1ia'l point, aud the an- 
glcB:AC of 23 gr.390 m.the greateſt declination, 1t 12 were 
required to find the fide B (the declinacion of the Sue, 

Take either the laterall fine of 23 gr. 30m. aid make it a 
parallell Radius; fo the parallcll lin- of 3o gr. take! aud mae 
ſu cd in the fideof the Setor, ſhall give the fide 1£quined 
11 £7.20 n. Octake the fine of 30 97. and mate ita pa all 
Radius; fo the parallell ſine of 23 27.30 m.taken and intaiuicd 
in thel terall fines, ſhall be 11 gy. 30 #.4+ before. 

So inthe triangle Z PS baviigZ'P 38 gr. 30. an] the 
arg'e P 31 gr 34m% given, we tall find the p.rpcadi-u'ar 
ZKtobe 19gy. rt m; or having PS 70 gr. and th. laid 
angle Þ 31 gr. 34 mn. given, we may find: tie perpendicular 
S NM to bc 29 gr. 28 m, 

2 Tofinde a fide by knowing the baſe 
and the other ſide. 


As the fine of the complement of the fide given 


Belo lution 1f (þ herical thenotes. 


Is to th Rahas: 
So the fi ec of th. coOmvement of ch: bake 
tothe ſine of th: cormn!emen of chefie required. 


So in the reangle A Cl;,Naving AB 307-4. 4Þ C11 or, 
3o ms. given, th. ſide A C wii! be found 17 vr. 54mm, 

Or inthe retangle Z R v aving ZP 38 gr. 30mm and ZR | 
e9 gr. 1 m,given, the ſide R P will ve tound 34 2r. 7 m. | 


3 To find a ſide by knowing the two 


0b11que an ies» 


As the ſine ofcither angle 
to the ſine of the co upicment of the other angle : 
So 13 the Radiu, 
to the lie of the complement of the (ide oppoſite 
to the lecond angle. 

So in the re.angle A C B,having'C AB for the firſt angle 4 
2397,30mand ABC for the ſeco1d 69 gr.22 m.the fide A C | 
will be found 27 gr.54. Or making A B C the firlt ang'e, 
avd CAZ the lecond,the (ide B C will bc found 11 gr. 30 ms | 


4 To finde the baſe by knowing both the fides . | 


As the Radius | | 
to the ſine of the complement of the one fid- - ' 
} 
| 


f 


, = 
«5G 442-0. 
- 1 


ome” | T9979" 
CT cole era, 


So the ſine of the complement of the other (ide, 
to the ſize of the complement of the baſe required. 


$0 inthe reRangle »A (©B'having A (*27 gr.54 w.& B C 
11 gr. 30. the bale ef B will be found 30 gr. 


5 To finde the baſe by kuowing the one ſide, andthe 
angle oppoſite t9 that ſide, 


As the fine of the ang'e given, 
to the ſine of the f1de given r 


So is the Radius 
N 3 to 
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to the ſine of the baſe required. 


$9 in the rectangle B CD, knowing the latitude ang the 
e-cination, we may find the amplitude; as having B C the 
fide of the de-lination 11 gr. 30m.and B DC the angle of | 
the comple.nen: of the latitude 33 .g7. 15 w the bale BD 
which is che a nplitude, will be tound to be 18 gy. 47.w, 


6 To find a1 anzle by the other ob!ique an7le, 411 ihe 
FS bL ; [7 j 
{; de eppoſite to the inquired an:le, 


As the Radius 

to the inc of the complement of the de: 
So the {11c of the angle given, 

ro the ſine 0! the complement of the angle required. 
$o i the retangle A C B, having the angic B \ C 23 gx. 


20m, andthe ſide AC27gr. 541%, the angic ABC will be 
fou. d $9 gr. 21 mw, 


7 To finde anavzle ly the other oblique axcle, 


A l C | = x L ny 
an the ſid: oppoſitetothe angle oven. 0 
Asthe Fne of the compleinent of the ſte | 


to the ſine of the cou-plement ofthe angle given; 
So1s the Radtus 


to the ſi 1c of the angle r-quircd, 
So1nthe: reftangie, ACP, having BAC23z gr. 3ow. and 
RCaitrr. 3omw.theang'cAB Cwilbetound 69 gr, 21 ww. 


$ Tofinde an ane'e bythe baſe, andthe fias 
epoſiteto the inquired angie, 


As he fire of the baſe 
15 :0the Radius. 
$o the {1:1 of the file 
to thic ſine of th. angle required. 
So inthe re*angleB C D, having BD 18 Fr. 47 m». and 
BCitgr, ;zvm theanglceÞ D © will be found 38 gr. 15 _ 
1kcſc 
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Theſe eight Propoſitions have been wroughe by the ſince 
aloe; thoſe which follow require joynt heipe of the £4» 7ene, 
A:d foraſmuch as che rangent c vuld not well be exiilyld 

b yon 63 gr .30 m1 thall (ct dowac two waycs t. r the reige 
lation of cach Propetition, it the ous will not ho;d, thc go» 


ther may, 
9 T6 #1 lali'e by havin? the other [i de,and the 
; 47 F: s # NB , s A 
anzle oppoſiie tv the inquired frac, 


3 Asthe Ra lins 
to t'1y (ine of the fide o1ven: 


$5 the ra:1genr of che angle, 
to tangent of the fide required. 


2 As the ſine of the ſide given, 
is to the Radius: 
So the rangent of the complement of the angle, 
to the tangent of the complement of the fide required, 
So inthe retangle A C B, having the (ide A C 27 Gr. 54 
m,a'"d theangloB A C23 Gr, zo m», the (fide B C will be 


found to be 11 gr, 30”, 


10 To find, a fide by havins the other (i4e,au1 
the angle next to the inquirc4 ſide. 


x Asthe tangent of theang'e, 
to the tangent of the de given: 


SO isthe Radius 
to the ſine of the fide required, 


» Asthetangent of the complement of the ſide, 
tothe tangent of the complement of the angle; 


$0 is the Radins 


ro the fane of the de required. 
| This 


_—_” 
7.»\ 
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This and the like, where the tangent ſtand<th in the firſt 
lacc, arc buſt wrought by parallcil entrance. Aad 1o 
in the retangicB CD, having B C the ſide of declination 
11g. 30”. and BD Che angle of the complement of the 
laticude 38 Gr. 15 m. the fide D C, whichis the atccnſionall 
ditfcrence, will be tound 14 Gr. 57 mm. 

By the aſcenſionall diftcrence 1s given the rime of the 
Sunnes rifing aud {etting, and length of the day; allowing 
an houre for cach 15 gr-and 4 minut.s of times tor cach fe» 
verall degree. As 1 the example the diftcrence berweene 
the Sunnes aſcenſion in a right ſphere , which is alwayes at | 
6 of the clocke, aud his aſcention tn our latitude being 14 gr, 
57 m.it ſheweth that the Sunne riſeth very neare an houre 
betore 6, becauſe of the Northerne declination; or after 6, if 
the Sunne be declining to the Sou: hward, 


11 To find a ſide by knowing the baſe, and the 
angle adiacent next 16 the inquired ſiat. 


s AstheRadiuvs 


to the line of the com-lement of the angle : 
So is the tangent of the bal”, 
tothe tangent ottl'c file required, 


a 4s the line of the co:nplement of the angle 
is tothe Kad.us: 
So the tavgrnt of the comvlement of the biſe, 
to the tangent of the complement of the ſide required, 
So inthe reQtang'e A CB, knowing the place of the Sun 
from the next equnoQall point, and the angle of his grea- 
teſt declination, we may tid his rivhe aſcenſion : yiz. the 
baſc AB zogr. and hea gle BAC->3 gr. 50m: being given 
the right aſccafion A <. will be tound 27 7Y. 54 wy, w R 
Iz Tofindthe baſe by knowing ihe 
obliqne anel:s, 


As the tangcnt of the one angle, 
ts 


ll tG 
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tothe tangent of the complemem of the other angle: 


So 15 the Radius 
to the fine of the complement of the bale. 


So in the reAangle A CB, having B A C23 gr. 30m, and 
A} CCG9gr; 32 m. the baſe A B will be found 3097. 


13 Tofindethebaſe, by know1ne one of the ſides,and 
tbe angle adiacent next that ſide. 


1 Asthe Radius 
istothe fine of the complement of the angle: 


So the tangent of the complement of the fide, 
to the tangent of the complement of the baſe, 


2 Asthe (ine ofthe complement of the angle 
1s to the Radius 
So the tangent of the ſide given, 
tothe tangent of the bale required. 


So in the retangle A C Þ, having A C 27 gr, 54 mn. and 
BeAC 23 9gr;:0m the baſc A B will be found 30 gr; © mn. 


14 Tofindan angle, by knowine both theſides. 


1 As theRadius 
is to the ſine of che ſide next the inquired angle : 
So the rangent of the complement ot the oppoſite tide, 
to thetangent of the complement of the angle required 


2 Asthe ſine ofthe ſide next the inquircd anole, 
is to the Radius: 
So the cangent of the oppoſite ſide, 
to the tangent of the angle required. 


So tnthe refanole A C B, having A C 27 gr, 54%. and 
BC11gr,zomthe angle at A vill bc found 23 97.30 and 
tac argl. ar B 69 gr, 24 my, 


Q 75 40 
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bo 15 To finde an angle, by knowing the baſt, and 
| the ſide next adtacent tothe inquired an_le 


EX 112" 


1 Astlic tingent of the complement of the ſide, 
to the tangeat of the complement of the bale: 
So is the Radius 
eo the ſiue of the complement of theangle require, 


2 Asthe tangent of the baſe, 
to the tangent of the ſie: 
So is the Radius, 
to the ſine of the complement of the angle 1equired, 


Yd So 11 the reAangle BCD, having the baſe BN 18 gr. 47 | 
| and the fide BZ 141 gr, 30m. the angle DB C between cher 
will be tound $5; Or, 15 


16 To find aw angle, by knowing the other 
oblique angle,and the baſe, 


t Asthe Radius, 
to the (ine of the complement of che balc: 
So the tangent of the angle given, 
to the tangent of the complement of the angle requiied, 


| 2 As the ſine of the complement of the baſe, 
1s tothe Radius: 

So the tangent of the complement of the angle given, 
to the tangent of the angle required. 


 SointhercAaagle A C B, having the angle at A 23 27. 
30 m.andthe bale AB 30 gr. theangle A B C will be fouud 
69 or. 22, 

Theſe fixtecn caſes arc all that can fall out in a reAang'e 
eriangle; ghole which follow do hold. 


Ih 
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In any ſpharicall triangle whatſoever 


17 Tofinda fide oppoſite to an argle given by knowing 
one ſide, and two angles, wherof one 1s op. 
poſe to the given ſide, the other 
to the ſide required. 


As the ſine of the angle oppoſi:e to the ſide given, 
1s to the (ine of that ſidegiven : 

So the l.ne oft the angle oppoſite to the (ide required, 
& tothelinectrhe fide required. 

So inthetriangie A B E, having the p/ace of the Sunne, 
the /atitude, and the greateſt declination, we way finde the 
amplitude. As having AB 3ogr.BAE 23 gr.3omanl AEP 
38 zr, 15 m.the fide BE which is the amplitude, will be 
found 18 gr. 47 


13 To finde an argle oppoſite to 4 (ide given, by having 
one anzle and two ſides, the one or poſite ts 
i/ e e!/ven angle, theother to 
th «ngle required, 


As the ſine of the fide oppoſite to the angle given, 
i5to the inc of that argle given: 

$o the (ine of the {ide eppolize to the ang!c required, 
to :hc ſinc of the angle required, 


So in the triangle Z P S, having the azimuth , and alci- 
tude, and declination, we may find the hourc of the day. As 
naviigP ZS 13097r.39.P S5ogor.and Z S 4o gr, the ane 
ple Z P $, which ſheweth the houre from the meridian ſhall 
be found 31 gr. 34 7m. 


19 To find an ansle by kxowing the three ſides. 


This propoſitionis moſt uſefull, but moſt duticulr of all 
O23 0. hers; 
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others:as in Arithmetique,fo by the Seftor,yer My it he per= 
formed ſeverall wayes. 


« Accordiag to Regiommt4%u and others, 


As the line of ch: leller (1.le next the angle required, 
toth : difference ofthe vericd {tics of the baſe and difFe< 
$» 15the Racius (rence of the ſides: 
to a fourth proportiona'l. 
Then as the ſine of th. greater ſide next the angle required 
i5 tothat fourth p:oporcioaall : 
So is the Radius 
to the verſcd fine of the angle required. 


So in the triangle 7 P $,having the ſide Þ S,the coplement 
of the declination 79 gr. 0m. the ſide £ P che complement of 
th-latitude 38 gr, 30 , and the bale Z Sthe complement of 
the altitude 40 27. the angle ofthe houre of the day £Z P S will 
be found 31 7y. 34 9. which is 2 4.6 ms. from the meridian. 

For the bafe being 42 gr. 0 m.4:d the difference of the lides 
38 2r, 30m. and 70 9r.0m.being 31 gr.30m.the difference of 
their verſed fines wpil be rhe ſame with che diſtance between 
the right fine of go gr. and 58 gr. 30 mT his ditfercnceI rake 
out, and make it a parallell (i1c of the letter fide 38 gr. 30 mw. 
{o the parallc[l Rad:us will be the fourth proportio.1all. Then 
coming to the ſecond operation, I make this fourth propor 
tiona!l a parallell ſine of the greater (ide of 70 gr, o 7v.and take 
out his parallell Radius. For this meaſured from go gr.toward 
the center, will be the verſed (ine of 31 gr. 34 m. 

In the like fort inthe ſame tria gle Z PS, having the ſame 
complements giucn, theangle P Z'S which 1s the azimuth 
from the North part of the meridian, wi l be found 130 gr. 
3 ». For here the baſe oppuire to the angle required being 
70 gr. and the differ<nce of the ſides 3S 97. 30. and 40 9, 
being 1 gr. 30mm, the difference of cheir verſed fines will be 
the (ame with th: dittance becweene the right fines of 20 gr. 
and 88 gr, 30m. Thisd:ttercuce | take and make ita parallell 
fin- of the leſſer ſide 38 or 39 2, fo the parallel! Radius will 
be the fourth proportional', Then comiag to the ſecond 0- 
peration, I make this fourth proporiionall a parallel! Gne - 

ce 
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the greater ſide 40 gy. and take our his parallell Radius. For 
this meaſured from 90 gr.jbeyond the cemer in the lines of 
ſes ſtretched forth at their full Rngth, will be the verl<d 1 10 
0: 130 7r.3 0. 

2 I may fiadeanangle by knowing three fid2s, by that 
which I have ellewhere demon(trated upon Barth. Prtsore, 
and that at one operatioa in this manner - 


As the ſine of the greater (112 
isto the ſecant of th: complement of the other tide: 
So the difference of ſins of the complement of the bats, 
and the arke compo inded of the icfler tide with 
cvinplemeur of the greater, 
to th: yerled fine of the angle required, 


So in the ſame triangle Z P S, having the ſame compic- 
ments given, the angle ac 2, which ſheweth che houre tron 
the meridian, will be found as before 3 1 77, 34 mm. 

For th: ſides being 38 gr.30 ».21d 705£r.0 m.1 take the fe- 
can: of the complement of 3$ gr. 30 m. and make 1t 2 paza!. 
tell fine of 70.77 then keeping the Se Tor at this angle , | 
conſider that the complement: of 75 gr. being 29 gr. added 
u'to 38 2r 30m. the comonnded tide (which 15 here th: 
meridian alticude) will be 5$ 27 30 m7; and that the baſe be - 
ing 40 gr, the diff-rence of ti1es of the compounded (ide 
and che complement of che baſe will he as betore) the di- 
ſtance berweene the (ines of 50 27. and 58 gr. 30 mw, Where- 
forc [rake out chis diff:rence, and lay ir 01 both the lines of 
fone from the center : fo the parallell taken in the termes ot 
this difference,and m-aſured from 9027, toward the cent-r, 
doth givethe verſed (ine of 31 7y. 34 ». 

This exa-nple, of fixding the houre of the day might c- 
therwiſe have been propoſed in theſe termes. 

Asthe ſine of che complement of thedeclination, 
1sto che ſecant of the Laciru 1: 
_ So thediference between the fi12 of che alcital: propo- 
tcd,and che fine of the meridian Alticudes 
Q 3 © 


- 
& 
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to the verſed line of the houre from the Meridian? 


Then the Latitude being 51 g. 30', the declination 20 gr, 
no:thward, and the Alti-nde 50 gr. the worke would be the 
{ame as before, | 

i heo:her angles PZ S,PS Z, may be found in the ſame 
fort; but having the ſides and one angie, it will be ſooner 
doc by that which we flicwed before 11 che 18 Prop, 


20 Toſinda ſide by {rowing the three anzles. 


Iffor the greater angle we take his complement to 130 pr 
the ang'c $ (hali be turn. dinto ſides, and the fides into an' 
ples, & the opcration ſhall be the famegas in the former Prop- 

As inthe triangle Z P'S, havirg the anglc Z PS 31 Gr, 24%% 
Z$SP3oor. 28'and PZS13ogr.z',I would take thegreater 
angle, of 130 gr. 3'. out of 180 gr, and there remaine 49 gre 
57. Thenas iftI hada Triangic of 3 knowne fid.s, one of 
51 77. 34, another of 30 gr 20'anda third of 49 gr. 57", I 
wou!d lecke the angle oppoſite to one of theſe (ides, by the 
laſt Prop. So the angle which is thus found,” weuld be the 
fide which 's hcre required, 


21 Toſind: ſite, by having the other two (ies, 
aud ihe anele comp!) ch :nded, 


This propoſition being the converſe of the nmetecnth, 
may be wrought accordingly; but the beſt way both for it 
21d thoſe which tollow, is to refolve them into two retan- 
gl. s, by letting downe a perpendicular, as was fheywed 1a the 
{irft Prop. 

Soin thetriangle Z PS, haviag ZP the complement cf 
the lati ude, and PS the c. mplement of the declination, 
with Z 2 Sth-a gle of the houre trom the meridian, we 
Tray tid Z S$the complement of the alticudeof the Sunne. 

For having let doyyne the perpendiculax Z & by the firft 

| Prop 


—— 2a 
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Pr-p. we bave two triangles, Z RP, Z RS, both refangle 
at R. Then may we finde the fide Þ X,cither by theſccond,or 
tenth, or eleventh Prop. which taken out of PS, leavers the 
fide R S: with this RK Sand Z Ro may find the bat Z Soy 
the fourth Prop. 

Or having let downe the perp:ud.cular $f, we have rwo 
rectangle triangiesS 1 7 $S MH 1. Then miy we trig tf P, 
from which it ac take 7 of ticre remainceh 14 6; UE WIE 
1Zands AM, we may tind the baſe Z S, 


22 Tofind afſtae,by having the other two (ides and one 
"© "#h Dp _—_ LEED 
of the angles 1ext the inquired ſide, 


. 


the latitude, and P S the complement of the declination, 
with P ZS the angle of the azimut}1, we may finde Z S the 
complemeat of the altitude of the Sunne, 

ForbavingZ P,and the angle at Z, we may to SZ produ- 
ced, let downe a perpeadicular Þ /, Then we have two rc- 
Atangle triangies, PV 2, Þ VS, wherein if we find the ſides 
VZ, VS, andtake the one out of the other, there will rematr 
the fide required Z S. 


So in the triangle Z P S having Z P the complement of 


23 To finae theſide, by havine one (ide. and the tw: 
axgles next the inquired tae. 


So in the triangle A B D, having A B the placeof the ſin, 
avd 3 A D the angle of che greateit declination, and AD B 
the angle ot the equator with the hor1zon, we 1:av find A D 
the obuque alcentions 

For having let dowae B C the perpendicil1r of dectina- 
tion, W2 have two retangles trangicS, eA/ B, D "688 -$ 
T hn may we find eA C the rght afcention, and D C th. 
a(cc1n::onall difference ; and comparing the one with the os 
ther, there remaineth eA D, 


'P) 
mY 

= 

C& 
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24 To finda ſide, by having two angles, andthe 
ſide rmcloſed by ther. 


il So in the triangle Z P S, having the” anglesat Z and P, 
with the {ide intercepted Z P, we may find the fide PS. For 
having let downe the perpendicalar P V, we have two re- 

angles P VZ,P VS. Then may we find the angle VP Zz 

cither by the ſeventh, or fifteenth or ſixteenth prop. which ad- 
d:dto ZP S, maketh the angle VPS, with this V P'S. aud 


bi P V, we may fin the b-.ſe Þ S, according to the 13 Prop. 


x 25 To findaa anzle by having the other two angles 
'/ and the ſide incloſed by them, 


So in the triangle Z PS, having the angles at Z and P, 

with th- fide intercepted Z P, we may finde the other angle 

= 7 $P, For having let downe the perpendicular Z R, we 
| have ewo rectangles ZRP, ZRS. Then may we findc the 
a1gle Þ Z | by the ſixteenth Prop. and that compared with 

P Z $, lcaveth theangleRZ S: withthis RZS and ZR we 


may find the angle required Z $ R, according to the ſixth 
Preopoſution, 


F 26 To firde av angle ,by haviag the other two aneles, 
' and one of the [iis next the inquired anzle, 


So inthe triangle A B D, having the angles at A and D, 
| | with the fide A B, we may find the angle A B D. For having 
| I.t downe the perpendicular B C, we have two rectangles, 
ACB,DC8B. Then may we find theangles ABC, DB C, 
and rake DB C out of ABC; for ſothere remaincth the an» 
=ercquircd AB D. 


F 


27 To find an anole, by knowing two ſides, and 
the angic contained by them, 
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Go 1!) the na. EP S, hav. I. the 1d- '$ZP, P F, with 
For won downe th- p« r, ei licvar S$ M. we ave tw 
rcAangles $ MZ,SM 2) Ther maywe find chetide MP, 


and takin? ZPOo i of MP, there rergnrineth If Ze wich th 
NZ and the percendiculac A1S, we 12 fhnd tlie ang: 
MZ $S by the fourteenth Prop. This awe MZ 5, taken our 


130 vr. there remainethP Z $S, 


28 Tofinde an ane Cniy we tw2 /oles next it 
and ong of the other an»! 


Soinche triangle ZP S, havin th: Glzs ZÞ and PE, 
withtheangleP Z$S, we may &1 14 ch mngic .Z PS, Forha- 
ving let downeth: perpendicu! i” P 7, we rave two re tans 
gies PV 2, ÞPVS. Then may w- ti: the angles /V PZ VP$; 
andraking PZ out of / Þ S, there recnatnecthZ ÞS which. 
was requ red, 

Thee 28 cafes areal! cha: ca" fall out in any ſpherical! 
triangle: itany do no: prefent'y a 14eritiid chen, let then 
once more reaJeovertheuſe of the g'obes, and they hall 
loone become caſic unto them. 


CGHAF. Vi 


Of the fe of the Meridian ins 
mn Navization. 


He 'Meridian line is here let 01 __ ide of the Sefcr 
{treched forth ar full length, o 1 :he {ame plane with the 

Lc ot lanes and Solidr,and is diuided u wipes 9 \WAr d87g is 
P (wi herecf 


104. The uſe of the Meridiau Line. 


(whereot 76 gr. are about one halfe) in ſuch ſort as the Me- 
ridiaa in th: Chart of Mercators proietion. The vie of it 


may be: 


1 To divide 4 ſea Chart 4ccordi47 to 
protection, 


If a degree of the xquato: on the ſca-chart be equall to 
the hundred parc ofthe line of {nes in the Seor, the degrees 
of the Aeridian ypon the Setor, ſhall give the like d-grees 
vpon the ſca-charc: if otherwile they be uncquall, thea may 
the meridians of che ſea-chart b: divided in tuch ſort as the 
line of Aeridians is divided 01 the Seitrr ,by that which we 
ſhcwed before in the 8 prop. of the lia of lines. 

But to avoid error, [ have here (et dowase a Table, where 
by the Meridian line may b2 divided oa: of the degrees of 
the zquator, ſuppoſing each degree in the £Juator, to be 
ſubdivided into a thouſand parts-By which Table, and the v- 
ſuall Table of Siner, Tangents and Secants, the proportions 
following may be alſo reſolved arith nztically. For the man+ 
ner of diviſion, let the zJuator be drawac, and divided, a1d 
crolfed with parallell meridians,as in th: comm>n ſea-chart ; 
then looke into the Table, and let the diſtance betweene the 
&quator and 40 27-in ths m:ridian, from rhe xquator, bs 
equall to 43277. 7ilT parts of thz Eq I11ITOT ; let $0 fra10 the 
meridian from th: xquutor, b{ <quall to 57 27.923 parts of 
the equator ; and fo 11 the reſt. 

The mrking of this Ta>!: is, by a1lition of S-:4#rs, For 
the Parallells of latitu is h2ing lets then Aquitor or Mes 
ridian, in ſuch proportion, as ch: Radius is eo the Secanr of 
the Parallell, For example , ths Parallell of 65 degrees of 
Latitude is eſſe then the & jurcor (a11l corſequ2rly , exch 
d:gre2 of this Parallel! of 65d :greeslelethena degree of 
the & Juator, or Mer:4141) in ſuch proportien as Io9999 
the Radius hath u1:0 295333 the $7047 of Go degrees, 
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M|Gr Par) M Gripar | Mgr ParlM'Gr Par AM Gr Par 
©, ol _ off 3] 3 TAN Gor! PE 9037. 12 73088 
Fool] 3/191 6411 | 9/138)” 12/190 
200 3/204 0212 | 9239) [12/293 

300 1/301 | 6 31 2 ' $341] 121395 
40 | 3 402 641 ;) | 91442 12497 
5oo']__| 3/5021 __ 6 6514) _ 91543] _ 12600 
«4 590 "3602 6614 91645 1 2/792 
700 3702 6715) | 9746, t 2,805} 

| $00 3503 6$16|, | | 9.848 1 2/997 
900] | 3/993 6ig16) | 9949] 113/919 
t | x[000] 4g 4993] 71_7 917) ro19 oft t3]r 3,012 
= "ol | 7 7 118| lon5z) [13/215 
1]: CO | 41204 7219, 10254 t 31318 
11300] | 4/394 7 31g| [19355] t 3/421 
| 1400 | 4/404 7 420 0,457) t3(533 
11529]___4/594 _7g232); 20/559] _[1319%% 
(—| a\600] | $1995] 7622] 10661] [13/729 
11700 4705 773 10762 131533 
1 |$00. 4/805 7.824| 20.56g 13/935 
l906| o3$ 

11900! 4906, 7925 |10966, 1403 

| g 11 141 
2 | 2]000| cf 5j006| $| 2026, 1111068 14|2yn 
[aſc $106! '$ 127, (11,170 14/244 
21200 5207 d 228} 11 272 14347 
| 2/300 51307 8 329) 11 374 14 450 
21400 5/408 8.430) [11/479 14553 
21500 g\508| | $534) _\11 578|__ 124,656 
(6011 5 [509 8632) [11 680, 14/760 
21701 $1709 8733, 11 182l| P_—_ 
2 801 5810] | $834) \x11884}| [14.967 
pY 5 910 8'936| 11 956 115/070 
| 3) 31001 6) 60111] 9 9037/1212 058 15\t5[074| 
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Af G Par Gr Par [1 11'Gr Par /1 1 Gr, t ar = V/ Gr pat 
15 15/174 18 1 


) 18303 24 21 [486 34 25 1734/2; Fozs 


—— ' 


ts.277 1S 40d | 21593) 2.[d44 2 $ 471 
ze 43S! 18513] 21 7 O1/ 124 953 2828} 
t5;405 to 01y| '21 08 |25,003| 2> 396 

' | , «1 | | 
'tx |: dS! 49 72F! \28 9Is 125/173i} {28 508 

_— > 6Þ | "I | 
_\t5;602! 18830) 21023] z5/202| [28 62 
| 157 5 [15935 22130} |25 392! 128,734 
Is /C\ 1994! 22 239, [24 5$©Z 2% d.17 
!14 004 LEASES 22 345) i25 6013] (23 959 
| [162071 inpgrt 22453] [25/723] [29/072 
le6ne (211/19 19/524 22 561/25 25 855 26 29 186 
114G,310' 19'46.! 22669} 25943] 29 299, 
116420! 8956g, 122777] [26C54| [29/413 
1( 524 19675 223885] j[26 164 29/526 
[16:5 ju9/782) 22.993] {26275 [291640] 
116,732 19887] 23101|_ 26386| [29/753 
—116,336' 1199934 23210 [20 497| [25867 
16 441 10 100 23318 »>6 £ OS 29,901 
| '19445 202c6 2342" 2C 7ly! j;30 09g 
| 19.150 . 20312 2?435: 26 5;0 [30/300] 
lt; 255 20 20 419!22 23643 62" 941 {2513< 32.4 
OT nos OP ZR * it uq * 226 - Q 
L-1951399, 0929! [£3 /7I5 5 # 39/438] 

Sy" FIFTY 22 Le 27 164 J- 

| I” 4-4 ?0lC "Y I | 7 $53 
| 15.568; 20/738! 1739 27275, |3o[667] 
, | bY 
[773] 1200945; - {#407 27 307; 13C gs 
Ls ors) 124188] (2749p) (3: 897 
—_—; my by nf io nn 
Iy\2S3 =” 64.097 - 4 Xhon 'P 20 2 
[pat 0 nnG gs 24406 127,723 [320227] 
itiog3' 121 2 72 $515] 137,934] 1331548] 


a$j1% 303,21 


[27 wy 24024) 379940] [315:357) 
1/23/48 24 241734 27 28050 (3C|31 4731 
> © 


_ of noi. 


Wk Par M Grl Par 
30/31 473 33134'99: 


BISTY a5. 
31/704, 3543. 
31 $20) 35 ,>5<} 
| ſrloze] jpg [47% 
(_J38jos20 "35159: 
| 132/16] 35/71 
| [32/2dz] 35,530 
| |32)qes, l;glggol 
( ſ32(517} (35071; 
31/32 63512436191 
| [32i75of 36 38 
j 2 $6 "26143 3| 
32 984 Z0 554 
343 101 136 675 
73 210d 36 750) 
3} 26] 36 915 
33 45%] [37039 
33 571 92,%0"| 
3 3 0500 27.253] 
(32]3 30% +5 2740; 
| [33.925 [37.527] 
[3 4 047 374+ | 
134 161 37 77? 
| (34 279) 137 894 
f_'34397; 135.017 
| 134516| 135 14 
| [34635] [38/26- 
| 34754] [38/38 
Hy z8 509 
3'34 992] 36138632] 
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a 362 


36 35/533 39/42 415 [42 42 46/362 


— 


| 38/757] 42,544 46/496] 
k 38/880} 47/673} 46631 
[39004 42150 | 146 766 
[39 129 42931] [46 9©C2 
[29'253 43/061] 47 0371 
139377 [43.191] (47173 
9502, [43320| 147 309 
39627, 143/451] 147485 
$9752 4+ 501} 47 5Þ1| 

37 1139 877 4045/7! 1 143 47 719 
[40 002 4342] 47855 
[40128 143/973 47 992 
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40 379! [44,235] 48 267 
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40864] [44/762] (48819 
41011 44/854 | \48 958 
0191/137[41 451226 144.99 997 
(41 264| [45.159] [49 236 
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42,28, 45/227; j50O 350% 
$942415/42 46 362/.45/50 499' 
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——— a LEY 
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18 40d| 21593) 2.[844| 
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236021y| 21708) \25 003 125.396 
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an 45 24 75 I Id? [2C 703, 
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[21 272 {24515} 27374] [31/242 
121379 [24524] 27/940} [30357; 
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( T—————_——— —— "OCD —— - — 
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|: 150g, | e331 
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33 00d 7253] 
[32|3 3 *0* 2527.40; 
33 924] [37 $27] 

3 4 £42 37 04 | 
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| 38/757) 42/514] |46/496| 
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[39004 (42150 | 46 766 
[39 129 42931} [46 902 
[39253 43061| '47 0377 
- 139377 43.191 47173 
9502 [9 +4330] 47 309 
$9627, 1453451} 147 445 
39752 4501} 47 531 
37139 877 4ut) AR 43 47 718] 
40002, 43842} 47555 
140128, 143/973 47 99S 
140,25} 44104 48129 
40 379! [44/235] (48 207 
40.505] 441366] '45 409 
[40 631] (44{498| 48 542 
[40 757 (44/630 [48 681 
g= 884 44/7 62 48 dio] 
(41011 (44) 894 48 958 
35/41 137/41 45,926 [44 49 097 
(43 264] 451159} [49 236 
[41 392 [45,292 | 49 375 
41519 45/4? S| 4955 
41.64%| 45558} 49655 
{41/774] 45.91, \q9 795 
\41 902). [45525 49935| 
(42 030/ 45195 5O GT7C g 
[42/158 4<|093 co217 7, 
42130 /1 45/227 [$0 3F 8 
3942415142 46/3 62 45/50 499! 


_ 


AT able for the atviſion T 


{Gr Par M GriPar, 1M Gr\ Par M Gr Har Mgr Par 
| 7-30 499/48 54866||51/591481 5464 412) 57169 711 
1 1 hog ($5jO1O 59/549 " 582 69 895 
443 | |5o\783 |55|160]] [59/500! ©4]7531| 70 89 
"nn ,0925 155.310] (59/950 641924 [70263 
1 C683 + om 60,129 ls 096] 170449 

[24/310 _ [55]611]_ [60/230] (£31268), 170.23) 

| 51.353 |$5/762] 100/441) '65 449] [70[$24 | 
t-| 51496 53\313 60/601] 631613] 71/098 
| 51639 59055 60 703] (65 706] 171195 

a \51'7 33 50/217 60|92 5; 65\g66! 71|353 | 
46154/927 49 59369 |7 y[62085|55/60]134, 58 71/572 
il  I5p071 $O'522| 61/250] 166 z08|| [71.761 

-y 52215 56\675 611413 


| 66]483|| [71,950 
52/505 5 I-18 611740 (66 835 72 331 
—52 G5o 157 135 6119C4|__167 OLI 172 522 
2795 |57|289| {63/069| (651188) | 


= | 72.714 
52.948 [57]444| [63,234 (67]365]| [72.909 


| 53.087 571598 [62.399 o7 543\| |73 999 
531233 |$71754 62 564| '6; 721 123 292 

44 47 531380 50.57.9909 q3.02 739 59 67 900 [59 73.486 
Jt w. 531526 (58 O65 (62.897 681079 73 680 
| 1 53/573 _ 63,06 | (65/25 173 875 
mr 531821 551377 63/330 68/438] |74971 
"i i 531963) 581534 63 1398] (63,618 [74267 

1 | =_ 54/116 581591 631566] 681799|| 174 404 

| oe IEEE (clus — — _ 

F :. 541264 581540 63/734] |68|981]| [74661 


413] [59006] 639935] [691163] [74859 
$4 |562 59 
541711) 15% 
[48/54 136051159 


i 04 64072 69|345 
z22] 641242] |69|528 751459 
481 [54 64/412157\69(71160'75 456 


— 


m— 


| of the Meridian line. s 109 
1]Gr|Par Dar cf MG Parl 1M ViGr [Par Gr Pax 


60/75 455 63 81/749/[55 72 103\579] 


55 88.72, F 95/575 
# 75/659 Glee 89/971 94354 r05/924 


j 


75857 $2/191 (39,219 | 97 I35! 106 230 
hott | 97,418] 195 558, 


75/251 $2635] [$9715 | 97,791 106883 
75/464] |$2 $55] 893967 | 927,935 | [197/220] 
| as © _—_ 


— 76/667] 33)084\! [9a/218 99272| 107 553 
75,371 $3 310] 99 470, | 93.565. 10 7 yp 
9334)! |{to8226 

| 9913 3| |lo$ 565) 
A 193'905| 


| | | [99,978, 
61.77 487154 33/999] 92/21 1/232 72.92 93.431 


ws. 
>4J 
© 
_ 
w\ 
WT 
IN we 
——— 
A 
a 
. 
UW 
_w 
to 
we 


——  @—GGG_—<#T— 


79 795|| |85'550|| [94 113 _ |1oa[735, 112792 


| 77.594 $4'219/ 91489 — 92.724] \109 249! 
LE [.. of | 
[7 7,991 $4.448' 91.745 199/218 (109 594; 
78 log] 34578} [9209; 199314] [109 gqr 
78 317] (5499, 94254 109512] [119/290 
78 525 [85/141] _ 92] 525 199/910 _\rr10641 
FF; 736 5 3741 6 iN IO1[2z1LI 110994 
78 947 85'507| 93/259] ror513] 111,349] 
79, "58 [35/842] [93/374] [loq316] [rex 70 
79.370 (35/977 \ 93/579] |toz[rzr] {112056 
62/79 533[65 86.313] 63/93'545 71/192/427 [74 tr2'q43] 


$0 919 $5788, 94332] 19344 I13 158 
$9225| $7,027, 34552] |toz]355 113525 
39 441] $7,257 94923] |103/568| [x1 $57 
| 185657] 37,598 [951195] 103.95} X: 14270 


30 8 74' 37/749) 195,453, 104,229 | 114545 
31091 37/992 25 743, [0g976 | (015 023 
31310 33 [235] [26,019 [104935 115 453 
| 31529/ 88/430) | '9 25295] [195 57) Irs 786 
(6381/74 65'88|7 25 69196 57572 to5'579 76ir16 171) 


250 


BY 


A Table for the diviſions 


_o=_— 


FER Gre Dar Ul - ob Par\ M or. yr) W7- Lo 


75 115 br: 78 129975, Ir 14515 


—_— — 


116559 \ \r2g 553! 145, Tp 1153 912] {1210649 
| [1161949 \130045 ' 145,942 1172,39*| [212,668 
11751342, (130536; 147609, [171841 \214|745 
[171737 [31031 148 265 [72 907 [2 15/999 
t181125) |t31530) 143937) \173/941, {219158 
76 tigi536 132034] 1149 618, | [174994 221/498 
t18j939; {132542} [159 397; [175,057 12231938 
[191345 t33055|| I5looz; {177|1150, 226/486 
rtig/755 [133.573 I5l 703 li73)z75 229/153 
120 109 79 1340394 gz 152423 85, 1791411 g8 231 950 
120 581 134 620|— 153147 0h $1559 234891 
121 090! t35 151) [153878] 131 752] 237 991 
(124]420, 135687] 1545 132/950| 241/268 
[121]$43] 136 228) = 184, 194 244/744 
177,122 279 _ 139 775) z- age 132 __185{454 248 445 
E 122|700' 137 326, p-(23 903 185743 2;2|402 
123]t33! \137 $33" 157685, 183/052 256 G53 
t 23 579] * 38445] 1; 33478, 289 4tt| '261 (243 
| 1124125, 139012 I59 251|| 1I90/793; | 265 235 
|_{1 24/452 80139585 $3 160996 85 1921210 $9 271755 
_(124]39$ [140164| | 160 932; — 193 'G61,| — 277 753 
'125|34S| [140 745! G1 761 195 i5t | 234517 
125 5ol} 141 339 26a 6a) I99 630 | 292 191 
| [1.2 25S, 141 946 163, 475 193 251 | 301/058 
B 126/718, — 142138 164 3524] 199867 | 311 553] 
1271182 143 r47| 165 242 201529, 1324455 
[127]549, 1.43 76? 166 146 293 240| {3411165 
(128/121 144 335 167,065 | 205 035; [365 039 
128/595 145 014) 167939, 206 Þ2 25\ '408[o1 1 


iFar\. 


—— c—_— -——— ——— 


39 34163 947 N> | 208 705 


8 12) 275 21145 656194168 947; 37 208 705 90. Infinite 


4 re pare 


LLLLLE 17 
SELTIETTT(TI 


'S! 4.4 
wEECLTD 


113 
"TY 


I LLLI4A11iT 154 3325 
[| [| '£ |: i 4 at4 
Q 


_ The uſe of the Meridian line.” 


Tfir be a particular Chart, I would firſt draiy the lin? FP 
ſerving for the firſt Meridian and crolle it with 2 perpendit- 
culars B Cand A D,the oneat the upper eny,ch- other at the 
lower endof the Chart, which may tcrvc for the cxireme 


\ Parall-lls of Latitud-. 


Then conſidering at what Latitud- the Chart is to be ginn 
and end, and that this Chart entendcd tor the laritude of theſe 
parts, is to begin at 5o gr. and fo end at 55 gr. [louks mto the 
Tab)c, and find that go gr.of latitude mutt be drawne at 57 
gr. 909 parts; and FF FT, ot latitude at 66 or. 134 parts from 
the Aquator;and that the Meridia' dittance berweene the 
Parallcll of 50 gr.and 55 gr.of Latitude mult be cquall co 8 gr. 
225 parts of the Aquator. Whercupon l take the line A B 
out of the Mcridian line and diminiſh it in ſuch proportion 
as 8, 225 hath unto 1000 per 3 Prop, Lin, and with that ex- 
tent of the Compaſſes 1 divide the two extreme Parallells of 
Latitude into equall degrees, and through cach degree draw 
meridian lines para'leil to the i & meridian, noting thoma 
with 1; 3. 3. 4. &c. and then, | ſibdivide cither one or all 
of thoſe degrees into 10 parts, and (it I may ) cachtenth part 
into" To parts more, but howſocyer, 1 ſuppoſe each degree 
to be ſubdivided into 1000 parts. | 

The meridians being drawne, I come to tic parallells or 
latitude, bc ginning ar 50 gy. 

And finding in the Table, thit the diitance between the 
A.quator and 50 gy. 1n the meridian ſhou'd be cquill to 57 
ar. gog parts iathe Aquator and his parallcl!s I may ſuppoſe 
thelowelt Paralle!lto b- 57 gr. from the &q ator : So the 
diftance between this lowett Parallcll and thc Parallell of 55 
er. will be onely 909 parts. Wherefore | take theſe 90g odd 
parts, out of the degree that I divided betore, and prick them 
downe inthe twourtermott meridians from the loweſt Pas» 
callell upwards, aud there diaw rhe Parallcli of 50 gr, of 
latitude. 

In like manner,becauſe I find by the table that the diſtanc: 
b: tweene the Aquator and 51 gr. in the meridian is 59 7” 
481 parts of the £quaor, I abate the former 57 gl. and 
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_ The uſe of the Meridzan line.” 


Tfit be a particular Chart, I would firſt dravy the lin2 e LP 
ſerving for the firſt Meridian and crolle it with 2 perpendi- 
culars B Cand A D,the oneat the upper end,ch- other at the 
lower endof the Chart, which may ſcrve tor the cxtreme 

\Parallclls of Latitud-. 

Thenconſfidering at what Latitud- the Chart is ro be ginn 
and end, and that this Chart entendcd tor the laritude of theſe 
parts, is ro begin at 5o gr. and fo end at 55 gr. | louke mtothe 
Table, and find that go gr.of latitude muſt be drawne at 57 
gr. 909 parts; and gp gr. ot [:titude at66 oy. 134 parts from 
the Aquator;and that the Meridia'1 diftance berweene the 
Parallell of 50 gr. and 55 g7.of Latitude mult be cquall co 8 gr. 
225 parts of the Aquator. Whercupon I take the line A B 
out of the Mcridian line and diminiſh it in ſuch proportion 
a58. 225 hathunto 1000 per 3 Prop, Lin, and wich that ex- 
tent of the Compaſſes 1 divide the two extreme Parallells of 
Latitude into equall degrees, and through cach degree draw 
meridian lines para'leil to the © & meridian, noting thomas 
with 1; 3. 3. 4. &c- andehen, | ſubdivide cither one or all 
of thoſe degrees into 10 parts, and (it I may ) cachtenth part 
into"To parts more, but howſocyer, 1 ſuppoſe each degree 
to be ſubdivided into 1000 parts. | 

The meridians being drawne, I come to the parallells or 
latitude, beginning at 50 27. 

And finding in the Table, thit the diitance between the 
A.quator and 50 gr. 1n the meridian ſhou'd Le cquall ro 57 
or. 90g parts 11 the Xquator and his parallcl!s I may ſuppoſe 
the loweſt Paralle!lto b- 57 gr. from the &q ator : So the 
diftance between this lowelt Parallc!! and the Parallell of 55 
gr. will be onely 909 parts. Wherefore I take theſe 90g odd 
parts, out of thedegree that I divided betorc, and prick them 
downe i111 the twouttermolt meridians from the loweſt Pas» 
callell apwards,aud there d:iaw the Parallclt of 50 or, of 
latitude. 

In like manner, becauſe I hnd by the table that the diſtanc: 
b: tweene the Aquator and 51 gr. in the meridian is 59 7” 
481 parts of the Zquator, I abate the former 57 g1. and 
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316 The aft of the Meridien lint, 

there remaine 3 gr. 481 parts for the diſtance betweene the 
loweſt Parallell, and this Parallell of 51: wherefore 1 take 
theſe 2 degrees 481 parts out of the line before divided 
and pricke them downe in the two uttermoſt Meridians (a8 
before) from the loweſt Parallell upward, and there draw 
the Parallell of 53 degeees of latitude. 

If any defire to have his chart agree with his Sefor, he 
may makecach degree of longizude quill to the tenth part 
of the line of /ines , anddivid the m-ridian ofthis chart out 
out of the Sector : ſo ſhall each degree of che chart, be ten 
times as large as the like degrec on the Sefor, and the worke 
be caſte from the one to the other. 

Or he may divide the Meridian of his chart by the ſide of 
a. Protraor, fuch as is commonly uſed by ſurveiors of land, 
and is here repreſented by A C D E: wherein the outward - 

rt of the ſemiciuucle A B C is divided #qually into 180 gr, 

he inward part qually into 16 Rumbs,and cach Rumb ſub- 
dividcd into 4+ 

The lines CD, DEF, E A divided zqually according to 
the line of lines uponthe S4or, or the Parallells upon the 
Chart. Onely the Diameter ef C would be divided unequal» 
ly by letting downe occult perpendicular lines upon it, frog. 
each degree inthe ſemicircle which being done the inter' ,. 
diate part berweenethe Rumbs and the Niameter may be all” 
cut forth : and the backGde of the long ſquare may be filled 
_ 6 lines of chords, or ſcalcs of ſeycrall parts in the 
inch, 

So may the meridian be divided by the parts of the fide Z 
D,the angles of each Rumb may readily be pricked downe 
by thedegrees in the Semicircle, and the line of chords and 


the Other ſcales may ferve to doe the like with more 
variety» 


2 To find how many lea7wues anſwer to one degree 
of lungitnat in every ſeverall latitude. 
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The ProtraQtor: 


, Place the figure page 116 of the SeGor: 
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The uſe of the Meridian lime,  _ 117 

In failing by the compaſſe, the courſe holds fometime 
upon a great circle, ſometim? upoa a parallel to the zquitor; 
buc nol con noaly u371 ccooked lines winding towards 
one of the poles, which lines are well «no vac by the name 
of Rumnbrs. 

If che courſe hold uoon a grent circle, te is *ithzr North or 
South, uader ſome meridia, or Ext or W-<t, under the z+ 
quator. And in thel: caſes, every degree requires an al'o v- 
ance of cwen'ie leagues, every twentie lexgues will make a 
d:gree difference in the ſailing : forha: hereneeds no Fur- 
ther precept then the rule of proportion in the Chapter of 
lines, 

But if the courſe hold Eak or Wet, or any of the patal- 
lclsto the xquacor; 


As the Radius 
is to twenty leagues, the meaſure of one degree at 
the zquaror: 

So the fine of the complemeat of the latitude 
tothe meaſure of leagues anſwering. ro one degree 
in that latitude 


Wherefore I take 20 leagues ou: of the line of liner, and 
make ita parallel! Radius, by fitiag ic over m the faces of 
go and 90: fo his parallell fiaz raken 01t of the complement 
of the latitude, and meaſured in the line of &nes, ſhall ſhew 
the number of leagues required, | 

Thas in the latitude of 18 2r. 12 m, we hall find 19 
leagues anſwering to one degree of longitude, and 18 
leagues in the laticude of 25 gr. 15 m, as in this 
Table, 

This may be done more readily withour opening 
the Seftor, by doubling the fine of the comple- 
=—__ of the latitude , as may appearc ia the ſame ex- 
amPpics 

Tr may alfo be done by the line of meridianes, 
rither upon. the. SeRor , or upon the chart, For if 
Q3 we 


x16 The uſe ofthe Meridian lines 


we open a paire of compaſſes to the quantitic [FT IXTE 
of one degree of longitude in the zquator, or one | ===! 
of his Pacallells and meaſure itin the meridian live] 2 ©0439 
ferting one foore as much above the latitude gi- |*3 12/1 
ve!, a5 the other falleth beneath it, ſo that the la- |*F 151 
titz-{e may bein the middle berweene the feete [3] 45 17 
of the comoatles,the number ot |. agues intercep- [;6 52'1 
ted tha'l be that which was requir. d. 41 25 15 
Bur if the courſchold upon any of the rum -, | 
betweene a parallell of the xquator and the me 
r1;an we are to conlides ( belides the quarter of 
the world ro which we tend, which mult be al- 
wavcs knownc.) Go 
8 Toed ference of longitude at lcaft in general, | 
2 Thedittcrence of latitude, and that in paticular, 
2 The rsmb wherconthe co ir{c holds, 4 
4 The diſtance nponthe 1xmb, which is the di- |*? 3® 
{tance, which we are hereto conſider, and is al- } | 
wa:cs {o!mewhat greater then the like diſtance 13 32 
upon a orea'er Circle. And for thele lirlt 1 ſhew 175 25, 4 


ui generll this third Prop. -# 2 - 
q Is 
87 Bi I 


3 Tofini how many leagues do anſwer to one degree 
of latitude in every ſeverall Rumb, 


The Seamans compaſſe is common!y divided into 32 
Points, the halfe into 16, the qua'ter into 8, which have their 
names of N_NþE, NNE, &c. accordwg-to thote parts 
0: the wor'd to which they pouut. Anſuwerablc :o theſe points 
arg the Ramves upon their chart; cach quartcr divided mto 
S; each t-mb 11 gr. 15 diſtaut one from the other ; The 
firſt Rimabe being thar which is 12 gy. 25'. diſtant from the 
Meridian; The fecond 22 gr. 30' the chird 33 g&7 45' and fo 
thercſt, Ard (ifthey have need of ſmaller partrs ) they fabs« 


divide cacl Fmb into quarters allowing 2 gr. 48'.to the firſt 
quartsr 


The uſe of the Mev idian line. 


S c . Cs. : 
quarter 9 Fr. 37' to the halfc Rmmb &c. > 1acline> | rnb c 
as in the Fable to!!lowing. $ 0315 the, £1, 
As the fine of the complement of the | S|Meriia | © wang 0 
rumb tr th. NC! ic4.a, 'Gr.M. £7o1\P ar 
is to 22 leagues the meaſure of one de |} —-| | 
- q # 1 AF | [ 20104 
eree at tlie mer: Ul; | |\2 4q9 "i 
So the Rains | |5 37; 20 Sa 
ro the leavues an{lweriroto one de- | |S 26] 20” 
non the Rim! ® I'1n to! 2c[9 
gree upon tne Num 3s Bord Leben | Eng 
ASitinfſailing a © bn, fromgo gr. of | 114 4 2c 02 
North !atitude, it were required how | '16 52] 20j-® 
many l-agnes the ſhip ſhould 111, before | |19 41 21/54 


itcould cowe to 51 or. of latitude, Bz+-| 2 2 


22 30; 21% 
cauſe this is thethird Xx? and the in- 2s 19 = [#2 
c|:nation thereof 33 gr. 45' I would take | = 7. 22/65 
20 leagues &Cc. | you 56 2142 

Wherefore I take 20 leagues out of the | > 33 ac'! 24.95 
line of /nes, and make it a parallell ſine |, =! | > 
of 56 gr. 15' the complement of che | |? 54, wo 
Rumb fromthe meridian; to his parallcl | b4 rs! 0 
Radius takenand meaſured inthe line of | ** * 1 

| ' 4;4F O!i 265 
lines, (hall ſhew me 24, tor the number |_—|?? oy 
of leagues required. | |t7 49 25/70 

and thus in the firſt Rumb from th-| |59 37, 31/5* 
meridian, we (hall find 20 /gs 39 parrs| | 26) 33157 
anſwering to onedegrec of latizade and |_5/32_15 | 36/29 
21 /gs 65 parts inthe ſecoud Remb, &c.| 52 4, 35190 
an inthis Table, where we ſubdivide | 141 52} 42/43 
each league intoa hundred parts, and; '64 41, 36178 


ſhew belides what inclination the rumb 6, 
| > omg 
"0 19: & 93 7 


hach to the meridian, 


This may be done more readily wich | 
out opening the Sefor, by doubling the | - 


[73 7\, 68.90 
75 56' $2131 


ſecant of the Rumbe, as may appcare in| 773 45 102,52 


the ſame example. | 
It may alſo be done upon the chart, | 


# Wit we draw the Rub, then we take 


= 


'$x 34 136/30 
[84 22 205/24 
[87 11 407 G0 
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the $:99 © Infinita, | 


1!  Theaſtof the Meridianline; 


thediſtwice upon the Rumy betweene two parallels, - & 
meaiure 1t in the mendian line, as farre above the greater la« 
ticudeas beneath th: lefler. For ſo the number of leagues in 
tcrc. pred, ihall be that which was required, 

For exainple : in the ſecond chart Pag 97 I firſt draw the 
8 Rumbs, trom the interſet!gn of the meridian with the Pa- 
rallell of 50 gr. of lacitude either by the which | have hewed 
betore inthe generall ufc of lines (ap. 11 Prop, to or by help 
ot theprotra tio1lalt mencioned. For, laying the center of 
the Prutrator co the point of intcerſeion, ( which is to be 
the centcr ofthe Rumbs)and turning the diameter of the pro 
tractor, untill it be parallell 10 the Mcridians of the chare 
(whichis then done, when the Mcridians and Parallells in 
the chart fall under like drvifions in the Protrgor) I may 
make one pricke at 11 gr, 15' another, at 22 gr. 3o' in outs 
ward part ot the ſemicircle , and lo the reſt. 

Cr, having neither Sefor nor Protractor I would have a 
line of chords ſect on the ſide of the Ruler which 1 am to uſe 
from which | may take Co grand with that extent ſetting one 
foote of the Compaſies in the former point of interſection, 
draw ar occult arke ofa circle, and therein pricke downe the 
former arkes from the Meridian as in cap. 11 Prop. to, So, 


- thiſ: arkes being pricked downe, by either of theſe wayes, 


the right lines drawne through the center and thoſe pr.ckes, 
ſhill be the Rumbs required. 

The Rumbes being drawne, I take the diſtance betweene 
the Parallells of 5oand 51 gr upon AC, the third Rumbz 
and mcrſaring it in the Mc<ridian line I find the compaſles to 
reach from abont ;; of adegrec below the para'lcll of 50, but 
!. above the paralle!l of 51 gr. interccpting 1,97. 7 or 24 
leagues ſuchas 20 make a degree. 

Againe,! take the diſtance upon the ſame Rumbe between 
the Paralicll of 54 and 55 gr. which I find to be ſomewhat 
longer th n the tormer diſtance betweene the Parallells of 50 
and 51; but mcaſuring it inthe Mcridian line according to the 
laticude of the Parallclla I find but 2 gr. 3; (or 24 —_ as 
bcforc for abc number of leagues anſwering to one degree 


of 
Lecictug 
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The nſe of the Meridian line, T2x 


Latitude upon this third Rumb. F 

And bv the ſame reaſon, I may finde the number of 
leagues anfwering toa degree of Latittude upon the reſt of 
the Kumbs agr-cable to the Table. 

Thi» conſidered im gencrall, I ſhew more particulzly 1n 
twelue Prop, tollowing, how of theie foure any two being 
#1ven theother two may be found, both by Aercators chart, 
and by this Setter, 


1 By one latitude Rumb and diftance, to find 
the drfſ:rence of latitudes. 


As the Radivs 
'0 the lineof the complement of cheRunb from the me 
So the diſta''ce upon tl.c Rumb, (ridiat: 
co tlic ditt. ren £ 0: Jati-udess 


L.ct the p'ace given be A inthe laritude of 50 gr. C in a 
grea cr la/icude, war u Kknowne, the diſtance upon the Rutb 
being 6 gr. betweene them, and the Ruinb the trurd trom 
the meridian, 

Furſt | ra.e 6 gy. from the diſt ince upon the Rumb, ou: of 
the line of /ines ard make it a paralletl Kadius, by purting 1t 
over inthe ſin-$s of 90 a1 d 90, Then keeping the Settor at 
this angle, I take vut the parallell fine of 56 gr.15 w.which is 
the {ine of the commplum: nt of the third Ramb from the mes» 
ridian, and meaſuring it inthe line of /znes, I find it to be 5 g”» 
and ſuch is the d.fereuce of latitude required. 

Or I may take out the line of 56 gr. 15 m. for the comple» 
ment of the third Rumb from the meridian, and make it a pa» 
rallell Radius; then keeping the Sefor at this angle, I take 6 


. gr. forthe diſtance, either our of th- line of /5ez, or any other 
. tcale of equall parts, or elſe out of the meridian line, and lay 


ic on both ſides ot the Seftoy trom the center ; either on the 
line of /znes or fines : ſo he parallell taken from the termes of 
this diſtance, and mealured 1a the fame ſcale wherein the di- 
ſtanc was mealured, ſhajl ſhew the difference of Jatitude to 
bc 3 Zr. a3 before, R = Rut 
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But in ſharter dit aces, fach v fa'l w:-hin the covalle 
of a daies failiig, this w re will h Id mach 5::cer. As nay 
appcare by comparing the worke with che Tao c t ilowing: 
where the numbers in the fro d> igihe the icaguzs; thoſe 
m the (ie, the Rumb; and the reſt in che middl-, che d tie- 
rence of latitude. 

lathe Chart let a meridian «FF be drawne through A, 
andin 4 with A B make an angle of the Ru:nb B A C.Then 
op-n the comoalles, according to the latitude of the place»>,to 
E F the qua .atie of 6 grein the meridian, transferring them 
into the Ru.nb from A co C, and through C draw the paral- 
lell B ({. crolling the meridian A Fin B : fo the degrees in 


the meridian tiom 4to B, ſhall Mew the difference of laticude 
tO be 5 gr. 


2 By the Rumb and both latitules to find the 
diſtance upon the Rumb. 


As the ſine of the complement of the Rumb from the meri- 
is to the Radius : (diang 
So the difference of latitudes, 


co the diſtance upon the Rumb. 


As if the places given were A in the latitude of 50 gr. 
Cinthe latitude ot 5; gr. and the Runb the thicd from che 
meridian. 

Here 1 may take 5 gy. for the difference of latiru1: our of 
the line of lives, and pat it ov-riache lie f 56 zr. 15 m. for 
the complement o: the third Ru «b fro n the n-ridiar. Then 
keeping the Sefor, at rhis a 191e, I race ut tie parailell Ra- 

jus, and m*aſuring it in th: line of {nes, I tin{itto be 6 gr. 
= ſych i> the diltzice upoa the Rand, which was requi- 
red: 
Or may take th: laterall Radius, and make ir a parallcll 
lineof g6 gr. 15 m. the compiement of cheRu.no from the 
meridian : thea keeping the SeRor at this a1gie, Irake 5 gr. 
forth: duference of latituds, cirhec out of the line of les , 
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or ou* of fo ne oth r '(cal- 514 4 | pwits, and] lay ft on both 
de of the Se''or ir ib i a ihr o1thelne of (tres 
OT viji Cf © LIL Paid Ci 4 C4) 140m the WE: 11:08 of by: MUlitce 
Ic \Cc,4.d incal + d 134 ch laincicac witn the EF. ie, 
ſha.l ihew The diltauce upon the Rumy to be 6 fr. 01 120 
Icagues. | 

Or keeving the Setfor ar this ang'e, I may rake the diffe- 
TCnce be: Weene5e grand 55 g7.0ur ot the Mers {1an 4nc and 
mcaluing it 11 the xq ator, l {hall hid ic to be equal: coOY8 27, 
22P. of thc Xquatoi. W herctore | cake cne parailell betwceen 
8:2 and $22 out of the lime of lanes, aud Na u 1'19 }T 11 TRE 
linc of (nes I ſhall find it to be 989; which thewe . thar accor- 
ding to this proje Hon, the diltarce upon this third Ramb, 
anſwerable to the former difference ot laticudes,uyill bz equal 
w 9 77. 89 p. of the equator, 

Or the Sector remataing at this angle, I may take the diffe« 
rence berweene 5© gr. and 55 gr. out of the Ileridian line, 
and iay it from the center on both ſides of the Sefor erth r 
on the line of /ines or of fixes : {o the parallell taken from the 
termes of this difference, ſhall be the very l:n- ot dittanc - re- 
quired, the fa ne with A C or E F upon the chart, which may 
ſcrve for the better pricking downe of the diſtance unon the 
Rumb, without takiog it torch of the Aleridian lincas inthe 
former Prop. 

Or if the Rumb fall nearer to the equator. thit the lateral 
Radius cannut b* fittedover in id, this propoſition may be 
wrought by parallell entrance, 

For if | ficlt rake out the fine of 56 gr. 15 9. and make i: 2 
paralle!l Radius, by fitting ir over inthe fives of go and go, 
or in the ends of the line © /1nes, and then take 5 vv. for the 
Giff:rence of la-itudes out cf che line of /ines, ard carrie it D2- 
ra'lc!l to the formgr, | [all hind it cocroſle both lines of lincs 
in the points of 6 : ad fo it gives the lame d ſtance as bc- 
fort. 

Or if che diſtance be ſmall, it may be found by the former 
Table. For the Rumb b.ing found in the (ide of the Tablc, 
audth: difference of latitude in the fame line; the rop of the 


| # ar? columne 
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columne wherein the difference of latirude was found, tht 


1uc the number ot leagu-s in the diſtance required. 

Or we may find this diſtance in the Table of Rumbs in 
the futc Prop -tollowing. For according to the example looke 
intoche Table of the tiiird Rumb tor 5 gr, of laticude, and 
there we ſhall finde 6 gr.20 parts under the title of diſtance, 

So it rhe difference <t latitude ypon the ſame Rumb were 
5Ogrech. dittance would be 60 gr. 13 parts. It the differ«nce 
ot lautude vpon the fame Rumb were onely © -of a degree 
the diftarice would be onely 60 parts, ſuch as 100 doc make 
a degree, 

In the chart let a Meridian A B be drawne throug h A, 


_ and parallels of latitude through A and C; and then in A 


wi.h - B makean argle of the Rumb B eA C: fo the di- 
ſtancetaken fromeAto C,and meaſured in the Mcridian lin, 
according to the latitude of the places. ſhall be found to be 
6 gr, or 120 kagues. Anduch is the diſtance required, 


3 By the diftance ard both latitudes 
to find the Rumb, 


As the diſtance vpon the Rum b, 

to the diftcrevee of latitude s:; 
So is the Radius (ridian, 
. tothe ſinc of the complement of the Rumb from the Mes 


As if the places given were A in the latitude of 5o gy, 
C in the latitude of $5 gy. thc diſtance berweene them being 
6 gr.vpon the Kumb Fi ſt i rake 6 gr. for rhe diſtance vpon 
the Rumb, & lav it on both 1:Ces of che Seffor trom che cen- 
ter ; then out of the ſame {calc i take 5 gy. for the drfference 
ot latirude, and to ir open thc S-ttor 1n the termes of the for- 
mer diſtance : 1o the para!lcll Radius raken and meafurcd in 
the Gincs, doth give 56 gr.15 m.the complement whereof 3 2 
gr.45 m, is the argle of the Rubs inclination to the Meri» 
gan, which was required, 
JR 
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Inthechir te a Meridmn A 3Y 4-1v1: throw A, ad 
paral.e's of atirale 15 hon rh Aa < thc195:1 he 
com »afſ-s according o tht wicu li of the nates to © F rhe 
quuatiizot 52y niche nendt la, and ſectins 01 Foote i: A 
tacne che other 217 cr ie che paratici B (11 Cad draw 
the righc line A: oh angie B f +; ſhall th v che incliny 
tion of che Run»o chem erdiancyo:; 33 7.45 45 2etor?, 

Dheſe three laſt Prop. dzp+14 >1e 01rtehe 071 arl may 
be wroughr as truely oy che com n >» 1 ſea-chartasby this of 
Mercators proieFtion: ard cheretore in working chem by 
the Seftor, the diſtr1ce a14 th: differea1ce of latirades may a3 
we'l or betrer be racen ou: of rhe li1e of /1m's ( which here 

repreſentechthe &quator ) or any other line of equall parts, 

as out of the mlarg=d degrees in the meridian ine Bu in the 

propoſitions following, che difference of longitude malt bz 
þ— tak-nout of the Equity ; che difference »f laticudzs and dis 
ſti1ce vpon che Ru ab, muſt alwayes be taken our of the wwe- 
ridian line; which | therefore call the proper difference, and 
proper diſtance. 


4 By the longitmde and latitude of twoplates 
to find the Ruwb. 


As if the places given were A in the latitude of 53 gr C 
in the latitude of $55 gr. and che differcace of longitude be- 
tweene them were 5 gr. 30: = 

In the chart let meridians and parallels be drawne through 
Aand 7, anda ſtraightline fo the Rumb from A co C; then 
by that w- ſhew<d C12. 2. Prop 9 inquire the quantitie of 
th- a12te B- A C. a'd it (hall be Found to be 33 gr. 45" ww, 
Which 1s ene chi:d Rucab fron the Meridian. Wherefore the 
pro'ortrion hoids for the Se Tor, 

As A B the prover diFrence of latirule, 

15to B C the difference of loagt.ude : 

SoA Bas Radius, 

'O0BC the tangent of the Rumb from the Meridian, 

According tothis I take the proper difference of ow 

, com 
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from 50 gr.to 55 grout of the line of w#ridzanr,and lay it on 
oth Gucs of rhe Seftor from the center;then | rake the diffes 
rence of longitude 5 gr. \, out of the line of /mres, and to it os 
pen thc Settor 1n the termes of the former dift:rence ot lati- 
wdes : fo the parallell Radirs raken trom betweene go and 
99, and mealured 1n the greater rangent on the (ide of the Sc- 
Hor, doth give 33 £7-45 ®. for the Rumb requircd, 
Burit che Ru nb fall carer co the Equator 


As A D thediffcrence of longitudcs, 
is to D ( the proper difference of lat tudes : 
So AD as Radius, 
coD C the tangent of the rumb from the xquator, 


According to this I take the former diff rence of !atitudes 
from $0 greto 55 £r.0ut of the line of Merr44asz, and to it 0+ 
pen the Sector in the termes of the difference of longitude 
rcck oned inthe 'inc of /4es trom the center : to the paralicll 
Radius» raken and meaſured 1:1 the Fangent 5 doth give 56 gr. 
15 {orthe Rumb from the ZXquator ; wh chis the come 
plemCeat to the former 33 g7. 45-7. and 'o both waz es it is 
tound ro be re third rumb from che Meridian, 

Bu. it this Rumb were to be found in the common ſca» 
Chart, ir \boul d {ceme to be abouc 47 £7, which is more then 
the tuurth Rumb from the Mcridian. 


5s Bythe Rumb andboth Latitues to find the 
d:fſerence of longitude. 


As it the places given were A inthe latitude of go gy. and 
C in the la itude of 55 gr, and the Rumb thc third tromthe 
meridia. 

[ntl e chart, let a meridian be drawne through A. and a 
varallell of latitude through C. then in e/ with +1 B make 
the angle of the rumb from the meridian B A, ( as was 
thewed Cap. 2. Prop, 10.) So the degr.es in the parallel! be 
tweenc Ba kC, ſhall be found to 5 gr.; , the difference of 

longitude 


c 
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longitude which was required. Wherefore the proportion 
holds for the Seftor. F 


As eAB the Radius, 

to B C thetangent of the RAmb from the meridian : 
So A B as propcr difference of che latitudes, 

to B C the diference of longitude, 

According to this we may take the tangent of the Rumb 
which is here 33 gr.45 #.. from the mcridian,out of che grca- 
ter 2angent on the ſide of the Settor , and putting it ovec be= 
weene goand go, make ita Radius: the.1 keeping rhe Seftor 
at this angle,trke the proper difference of latitudes from 50 

r, tO 55 gre out of the line of Merid5ans, and lay it 0a boch 
rd. $ of the Sector from the cenrer « ſo the parallcl taken from 
the termes ofthis difference, and meaſared in the line of /5nes 
(hall ſhew the diflerence of longitude to be 5 gr. 3- 

Oc ifcthe Rumb fall nearer the zquator. 


As D C the tangent of the Rumb from the equator, 
to AD the Radius : 

So D C as proper difference of the latitudes, 
to AD the diff-rence of longitude. 


According to this we may beſt work by parallel entrance. 
firſt raking 56 p*: 15 m. forthe ang'e of the Rumb from the 
equator out of the greater tangent, and make it a parallcll 
Radius ; then rake the proper difference of latitudes out of 
the line of meridians,and carrie it parallcll to the former : ſo 
we ſhall find it to crofle the line of lines in 5 gr.; . And this is 
the difference of longitude required, the ſame as before. 

But if this difference were to be found by the common 
ſea-chart, i- ſhould fceme to be onely 3 gr. 20m. which is 
more then 2 Cegrees lefſe then the truth. And yet this error 
would be greater , if either the latitude be greatcr, or the 
Rumb fall nearer the £quator : as may appeare by compa- 
ring the common ſea-chart with the Tablcs following « 
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I;g The aſe of th: Meridian li ne. 
Theſe tables are calcu'ared for cach of the Rams, 
The firſt ſ:ven have three coluin1cs, and of thcm the fir 
containeth the degrees of Laticu-le tro n the AquinoHall to 
th- Pole: the ſecoad doth g:v- the difference of Longitude; 
and the third the diſtance, both of theme belonging to that 
Rumdb and latitude. 

As inthe Table of the third Rumb; at the /atitude of 50 
Gr.1I find under thetitle of Longirade 38 gr. 69 parts, and un- 
der thetitle of diſtance 60 gr. 13 perts. This (hewes that if the 
corſe held conſtantly on the third Rumb from the Aqui- 
noRiall to the Latitude of 5o gr. the difference of Longi« 
eude would be 38 gr .6g parts of 100 and the diſtance up- 
on the Rumbe6o gr. 13 parts. For here | reckon the diſtance 
by degrees, rather then by leagues or miles, and ſubdivide 
each degree into 100 parts, rather then into 60 minutes, for 
the more caſe in calculation, and withall to make the calcy- 
lation to agree the b-tter, both with this, and my (Tofſe faffe 
and other inſtrumener. 

The uſc of theſe Tables, for the finding of the difference 
of Longitude, is this. Turae to the cable of the Rumb, and 
there fee what longitude belongeth to either latitade, then 
take the one longirude our ofthe other, the remainder will 
be the difference of longitude required. 

As inthe formerexample, where the places given were 1 
in the latitude of 5a Gr. C in the latitude of 55 Gr. and the 
Rumb the third from the meridian : 1 looke into the table 
of che third Rumb and there ftnd, 

Latitude 5ogr. Longirude 38 gr. 69 parts. 
Latitude 5 5 gr» Longitud? 44 g7. 19. 
Therefore the diff. of longitude 5 gr. $a 


There is another uſe of theſe tables, for the deſcribing of 
the Rumbs both on the G/obe,and all ſorts of Charts: For ha- 
ving drawne the circles of longitude and latitude, and fin- 
ding by the tables, the difference of longitude belonging to 
ou Rab and latitude: If we make a pricke in the chart, 2t 


evcry 


The uſeofthe Meridian live 119 
every degree of latitude, according to that difference of lon» 
girudc, and draw lines through thoſe prickes, ſo as they 
_— anglcs, the lincs ſo drawne ſhail be the Rumbs re+ 

ureds 
: The uſe of the eight Rumb is ſomething different from 
the reſt. For there being here no change of laticude,1 have ſer 
to each latitude, the d ffernce of longitud,, belonging te 
one degree of diſtance , and the diſtance belonging to one 
degree of longitude, 

As if two places ſhall be 20 leagues, or one degree diſtant 
one from the other, in the latitude of 50 gr. th. difterence of 
longicude berweene them wi.l be 1 gy. 5 5 p4rrs. But if they 
difter one degree in longitude, the diſtance berweene them 
will be onely 64 parts, wh ch fall ſhortot 13 leagues,or at the 
moſt 64 gr. 28 parts, ſuch as 10000 do wake a degree. 


6 By the difference of longitade, Rumb, andone 
latiinde, to find the other latitude. 
1 


As if the places given were eA, in the latitude of 5o gr. C 
in a greater lattiude but unknowne, the difference of longt- 
tude 5 gr.5, and the Rumb the third from the Meridian, 

In the chart let'A B,D C,meridians,be drawne through A 
and C, according to the difference of longitnde, one 5 gr 5 
from the other; and a parallell of latitude chrongh eA, croſ. 
ſind the meridian CDinD: thenin A, with AB, make an 
angle of the Rumbe B A C: fo the degrees in the meridian 
betweene D and C, ſhall be foundto be 5 gr.the proper diffe- 
rence of latitud< which was required, W harofore the propor 
tion holds for the Seftor, 

As A D the Radius 

to D C the tangent of che Rumb from the xquator 
$0 A D asdiffcrence of loygucude, 
to D Cthe properdifterence of latitude 


According to this, I take 56 gr, 15 mn. for the angle of the 


Rumb f:om the zquator , out of the greater Tangent, and 
* make 
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% 39 The oft of the Mtridiao line. 
make it aparalle!l Radins. Then Tf Reckon x gr.* in the line 
of lines from th: ceater, for the diff:rence of lo1gitud. So the 
parallell taken from the rermes of this diff:rence, a1d meaſu- 
red in theline of meridians, ſhall reach from 50 gr. the lati- 
rud- given, to 55 gr. which-is the /atitud- required. 

Or if che Rub fall nearer to the meridiin. 


As BC the tangen: of the: Rumb from the meridian, 
isto AB the Radius : 

So BC as difference of longicule, 
to AD the proper difference of latitude. 


According to this we may beſt work by parallel entrance, 
ficſt cake 35 gr-45 m.for the angie of the Rum) fromche me- 
ridian, ou: ofhe greater Tangent, and make it a parallell Ra- 
dias; then cake 5 gr.* for the differeace of longitude our of 
the line of lines, and carry it parallell to the former, till the 
feere of the compaſlles ſtay inlike points: fo the line between 
thecenter and che place of this ſtay, beiag taken and meaſu- 
cd inthe liz of 1-744: 414 fromgo griforward , (hall hew 
the latitude reuir d -0 52 55 gras inthe former way. 

Thelike may Þ- t 414 by the tables of Rambs. For inthe 
table of the nicd Ruin), at the lacicude of 50 gr. Ifindethe 
loagituJ- of 38 2r.69 p; to this if I add: 5 27.50 p. for the dif- 
fere ice of jo4girud- given, the co.npouad longitude will be 
44 gr- 19p andthis anſwers roth-lati:ude of 55 gre 

Bat if chis d:ference of latitule were to bz found by the 
commao1 ſea-chart,it hould ſeeme to b: $ gr. 1 3 »+.2n4 fo the 
fecond latirude thou!d be 5$ gr. 13 mw. which is aboue 3 gre 
more then the truch, 


7 By one latitude, rum", 4nd diftauce, to fini 
the difference of longitude. 


As if the places given were A in the latitude of 50 gr. 
C ina greater latitude but unkno vne, the diſtance upon the 
Run being 6 gr. betwecne chem, and the Rumd the third 
from che meridians. | 


Ic 


The uſcof the Meridian lime; | 4 + 
f Tathechart, lera meridian A'B, and a parallell A D be 
drawae chrough A; a1d in A, wich A B, make an angle BAC 
for che Rumb from ch2 m2ridian ; th:n open the compaſſes 
according to the latitude of the plac:s to E F, the quancicie 
. of 6 gr. inthe meridia1, cransferring them into the Rumb 
from Ato C, ardthrouzh C draw another mzridian D C, 
croſſing the parallel draw. through A in D: {» the degrees 
nrercepted inthe paralleil fro n 4 co D, ſhall ſhew the diff: - 
rence of longirude required co be about 5 gre 5. Wherefore 
che proportioa holds tor the SeRor, 


As A C che Radius, (meridian: 
isto A D,cquailto B C,che fine of the Rumb tron the 
So A C as proper diſtance upon the Rumb, * 
to A D chg ditferenc? of longitude. 


According to this I take the ſi1e of 3 3 gr. 45 m.for the an- 
e ofthe Rumb from the meridian, aad make it a parallell 
dius; then «eeping the SeZFor at this angle, I cake 6 gr, for 
the diſtance out of th+ meridian line, according to the cſtima- 
ted latitudes of borh places, and lay it on both {i4es of the Se- 
tor fromthe ds the parallell raken from th: tcrmes of 
this diſtance,and meaſured in the linzs of ines, (hall [her che 
difference of longitud- to be abour 5 gy. 5 

In this and ſome of the Prop. following, where there is 
bur onglaticude knowne, there may be ſometimes an error 
of a minute or cwo, inthe clt:ma-i01 of the proper diſtance, 
yet it may bere ified at a ſecond operation. 

This propofi:ion may alſo be wrought by the Tables of 
Rumbs. For according to the example, in the Table of the 
third Ru.nb, at chelaticule of 5o gr. I fin the longitude of 
38 gr. 69 p. and the diſtance of 60 gr. 13 p. te this I adde 6gr. 
for the diſtance give; ſo the co.np3414 diltiice wiil be 66 
gr.13 p.andchis anſwers to the loagizude of 44 gy. 19 p; then 
if l eakethe one longitud: out of che otner, the difference 
will be 5 gr. 50 p. as befo-@. 

But if this difference were to be found by the commo:1 
ſea-chart, it ſhould ſeeme co be oNely 3 gre 30 ms which is 

T 3 IR9rc 


142 The ufe of the Meridian line!) 
more then 2 gr, leſle then the eruth, 


8, By onelatitude, Ramb, and difference of longitudes, 
ts find the diitance, 


As if the places were given A, inche lacieude of 5o gr. C 
ina greater latitude but unknowne, the difference of longi- 
tud: betweene them being 5 gr. 3, and the Rumb the thicd 
from the meridian. 

In the chart let A B,D C, meridians be drawne through 
A and (', according to the d'ffrence of longitude, and a pa- 
rallell of latitude through 4, croſſing the merid'an D C in 
D, then in «A, with AB, make an angle of the Ru»1b B A C: 
ſo the diſtance on the Rumb from A to C taken and meaſu- 
red in the mersdsan, according to the eſtimated latitude of the 

laces, ſhall be found to be 6 gr. Wherefore the proportion 
olds for the Settor, 


As AD,cquall to BC,the fine ofthe Rumb from the meri- 
isto A C the Radius: (dian, 
So AD as difference of longitudey, 
toeA( the proper diſtance upon the Rumb. 


According to this, I rake the lateriall Radius,and make it a 
parallell ſine of 33 gr. 45 99. which is here the angle of the 
Ruimb from the meridian ; then | reckon 5 gr. ; in the lines 
of lines from the center , for the difference of longicude : fo 
the parallell caken from the termes of this difference , and 
meaſured inthe line of meridians, according to the latirudes 
o! the places, ſhall there ſhew the diſtance required to be a» 
bout 6 gr. which are 120 leagues- 

Or if the Rumb fall nearer to the meridian, that the lateral 
Radius cannot be fitted over in his fine, this Prop. mult be 
wrought by para/lell entrance , and fo alſo it gives the ſame 
diſtance as betore. 

Or we may find this diſtance by the Table of Rumbs. For 
1n the tabl of the third Rumb, at the latirude of 50 gr. I find 
the longitude of 38 gr.69 p. andthe diſtance ot Go gr. 13. p. 

Io 
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To this longitude here found, I a442 5 or. 50 p. for the diff. 
rence of longitude given : ſothe compound io 1gitude will 
be 44 gr. 19 p. and this anſwers to the diltanc: of 66 gr.1y p, 
Then it I take the one diſtance out of the other, the remain- 
der will be 6 gr. 02 p, for the diſtance required. 

Bur if this diſtance were to be meaſured 01 the common 
ſea-chart, it ſhould ſeeme to be almoſt 10 gr. or at the lealt 
197 leagues, above 77 leagues more then the tru:h. 


9 By one latitude, diſtance, aud difference of lon- 
gitudes, to find the Rumb, 


As if the places given were A, inthe latitude of 5o gr. C 
in a greater latitude bur unknowae, the difference of longi- 
tude betweene them being 5 gr+ x, 211d the diſtance of 6 gre 
tpon the Rumb. 
In the chart let AB,DC, meridians, be drawne through A 
and C, and a parallel of latitude through +; then open the 
compaſles according to the latitudes of the places, to © F the 
quantity of Ggr. in the weridian, and (erting thz one foote 
in A,the other foote ſhall croſſe the other meridian in C;and 
if wedraw the right line AC, the angle BAC ſhall ſhew the 
inclination of the Rumb to the ary to be about 33 gr. 
45 ®. Wherefore the proportion holds for the Setter, 
As AC the proper diſtance upon the Rumb, 
is to AD the difference of longitude : 

So AC as Radius, 
to AD, equall to BC, the ſite of the Rumb from the 
meridian. 

According to this, I take the proper diſtance 6 gr. out of 
the line of »2:ri45avs , and lay it on both (ides of the Sefor 
f:om the center; then [ take the d rence of longitude 5 gre 
3 out ofthe line of /ines, and to it open the Seoy in the terms 
of the former diſtance: ſo the parallell Radius taken from be- 
tween: goand go,and meaſured inthe fines, doth give about 
33 gr. 45 ». for the Rumb required, | 

But if this Rumb were: tobe tound by the 'common - 

chart, 


Theufof the Meridian line” 


T44 
chart, it ſhould ſeeme to be abone 66 gr. and ſo a/moſt the 
ſixt Rumb from the Meridian, 


Io By the longitude and latitude of two places, 
to find their diſtance from the- Rumb. 


Let the Sefor be opencd in the lines of /ines, unto a right 
anglc(as was ſhewed before Cap. 2.7rop. 7.). hen take out the 
proper difference of latitude, and lay it on the one line, and 
the difference of longitude, and lay it on the other line, 1o 
as they may both meete in the center, marking how tar they 
extend. For the line taken from the termes of cheir cxten- 
ſion, and meaſured in the meradian , according to their lati« 
tudes, ſhall ſhew the diſtance required. 

So if the places given were AandC, A in the latitude 
of 50 gr. C inthelatitude of 55 gr.the proper difference of 
latitude ſhall be the line AB, and let BC the difference of 
longitude be 5. gy. 5,we ſhall find that A'C the diſtance upon 
the Rumb is abour 6 gr, which make 120 |cagues, 

For in the chart,ler an occult meridian be drawne through 
A, and a parallcll of latitude through C, croſling the former 
meridian in B, and a right line for the Rumb from A to EC, 
ſo have we areQangle triangle 4 B C, whoſe baſe 4 Ctaken 
and meafured in the meridian from E below 5ogr to F, as 
much aboye 55 gr, doth containe the quantitle of 6 gr. | 

In the ſame manner the Settor being opened to a right an» 
g'c, in the lines of /znes: if we take the difference of latitude 
our of the linc'of ver5d5a»s,in his proper place from 50 greto 
55 gr.and place ir on one of the ſides from the center, to re- 
ſemble £2, then reckon the difference of longitude on the 
other perpendicalar line from the centerto 5 g7.5, in ſtcad of 
B C,we ſhall have the like reangle triangle on the Seer, co 
that which we had before on the chart'y and if we take out 
rhe baſe of it, and meaſure it in the line of meridians from be» 
low 50gr. to as much aboue' 55.97 we ſhall finde as before, 
that it containeth about 6 gy. or 120 lcagues. 

But if chisdiſtaiice/ were to be meaſured on the common 

| | ic 
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fex-chart, it ſhould ſceme to be almoſt 7 yr, - or T45 leagues; 
which is 25 lcagues morethen tÞ.e uuil. 


11 By the latitude of two plates, and the a ſfancenpon 
rhe Rumb to find the drffereme of lorgnuae. 


Let the Seffor be opencd in the lines of /aves to a right an« 
gle, then take our the proper dificrence of jaticudes, aud iay 
it on one of the lincs fromthe center , rhen take the proper 
diſtance with a paire of compaſlcs, and icriirg ou toote in 
the termes of the difference, turne the other toote ro the 0+ 
ther line of the Seftor, and it ſhall there ſhew the difference 
of longitude required. 

So it the places given were A, mche latitude of yo gr. C 
in the laticude of 55 gr. with 6 gr. of diſtance one from ano- 
ther, we (hall find their difference of loagitude to be about 
5 gr. <. 

Forin the chart let a meridian 4 B be drawne for the one, 
and B C, A D,parallells of latitude for them both:Then open 
the compaſles according to the latitude of the places, to E F 
the quantitic of 6 gr. in the wersdsav, and ſerting one foote in 
A, having latitade of go gr. turne the other to the parallell 
of 55 gr. and it ſhall there cut off the required diftcrence of 
longitude B C 5 gr. 3. 

In che ſame maner, the Se#or being opened to a right an- 
gc, inthe lines of /wes : if we take the diff.rence of latitude 
out of the line of weridsars in his proper place from 5o gr. 
un:o55 gr. and place it 0n one of rhe lines from the center 
then take 6 gr. the diſtance upon the Rumb out of the ſame 

| line of weridians, according to the latirudes of the p'aces, and 
: fer the one foote inthe t: rme ot the former difference, tur- 
| ning the other foote to the other perpendicular line , we 
| ſhall finde that it will crofle it abour 5 gr. ; frm the center? 
Wh:ch is the difference of longitude requited. 

But if this difference of longitude were to be found by 
the common ſea chart, it would ſeeme to be onely 5 gr. 201» 
Which is more then 2 gr, 20 »2. lefſe then the truth, 

y 
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The #ſe of the Mtridiwline. 


12 By one latitude, diſtence an1 diff -reuze of longita es, 
| to finde the diff:rence of latitudes. 


Letthe SeFor bs opcncd in the line of /znes to a right an- 
g'c, and lt the difference ot lo1zitudz b: xs | 1-1 ONE 
of thoſe lines from the center; then. take the proper diſtance 
with a paire of compaſſes , and ſetting the o1c foote in the 
eerm* of ch: form:r difference, turac the other foote co the 
oth-r line of the SeFor, aud ir hall chence cur off a line,equall 
to che proper differeace of laticude required. 

So if the places given were Aand C, A inth: latitude of 
50 gr, C inagreater latitude but unknowae , the difference 
of longimde berweene them 5 gr. ;» and the diſtaace upo1 
the Rumb 6 gy. or 120 leagues, we ſhall fiad che didercace of 
latitud-. ro be s 42 

For in the chart, let occult meridians be drawne through 
A and C, and a parallel of laticude throngh «A; chen open 
the compaſle; according to rhe eſtimated latirudes of che pla» 
ces to E F che quantity of 6 gr. in the meridian, and fercing 
the one fo »te in 4, tarae the other to the meridian drawaec- 
through C, and it ſhall there ca: off che line D C, waich 1s 
the dittcrence of latita le req tired. 

Inche ſame maner, th: Sefor being openzd to a right 21- 
gle,in.the lines of /nerif inthe on line we reck 51 the d.tf:- 
rence of [>ngit 1d: from the center to 5 gr. 5, then raving 6. 
gr. for the diltunce out of the li12 of AL-r14:4ns accoiling to 
the latitude of the places, we ſet the one foote in the rerme of 
the given difterence, and turne the other foote rothe ocher 
perpendicular line , we ſhall fiad chat it curs a line from it, 
which takes and meaſured in the line of m2ri4ians, from 50 
gr. o1 forward, doth ſhew the diffzceace of laticule to be as 
before 5 gr. 

Bat if this ditcrence of latitu1e were to bs fou 1d by the 
common ſex-c1art, it wauld ſceme to be oaely 2 gre2 5 mm, 
which is 2 gr.35 m.lefle theathe truth. Such is the difference 
betweenc both theſe charts, 
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THE THIRD BOOKE 


Containing the uſe of the particular 
Lincs. 


HE lines of /ines,of /uperficies,of ſolids,of finer, with 
the latcrall lines of rangenes and meridians, whereof I 
haue hicherunco ſpoken. arc thoſe wh'ch I principally 

intended : that litcle roo! © on the Sefor which remaincth, 
may be filled up with ſuch particvlar lines as cach one ſhall 
thiake cenventent for his purpoſe. I have made choiſe of 
ſuch as I thought mighr de b«ſt pricke on without hindring 
the ſight of the tormer,v 2.lines of Ouadraturegof Segments, 
of Tuſcribed bodres, of Equatcd bearer, aud of Mentals, 


fe 


CHAP. L 


Of the lines of Quadrature. 


E !: Helires of quadrature may be knowne by theletter Q, 
| and by their place betweene the lines of fines. Q fignift= 
eth the fide of a ſqwere, 5 the fide of a pentagon with hve c> 
guall (ides+ 6 of an hexagon with fixe £quall (1des, and ſo 7.8, 
9, and 10. S (twds for-the Srmidiameter of a circle, and 90 
fora lire cquall to 90 gr. it the circumference. The ule of 
them may bc, | 


1 To make a ſquare equall to 4 circle given; 
2 To make a circle equall to a ſquare given, 


Tf che eircle be firſt given, take his ſemidiameter; and ro ir 
open the SeHoy in the poinrs ar S: fo the parallell taken from 
dere opener & ſhall be the fide of the ſquare rc 
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Ifthe ſquirelhe given takehis fide, andto it opmn the Se- 
For, in the poinrs ar Q+ (> the paraflell taken fron berweene 
the poisat F, hall beche Semidiamzter of the circle requi= 


re d. 


Ler the S2mi4ixmeter of thecircle given be 4 B, the fide 
ofthe Juate equall unroic (hall beXound ro be CD. 


$ Toredace 4 circle givin, or aſquart into au equallper- 
14204, or other like pdideni loke angied frewre. En 


| Takerh» Gdevfthe fiquregiven, nd fir froverin his Ave 
poiacs: ſo che parallells rakea from berwerne the points of 


»— =. - 


of 11 hexagon 


fou 1d 


thec p'anes not here ferdowne , may fi 
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the other figures, (ſhall be the (ides of thoſe figures : which 
being male up with c<quall angles, (hill be all equall one to 
the other. 

= the Semidiam*ter of rhe circle given be «L8, che (ide 


uall co cs circle, ſhatl by thefe meanes be 


c 
wo be J H. and che ſides of an oa2on to be I K. O- 


be reduced mito nr 


ſquare, by the fixt Prop. Swperf. and chen into a ciecie, or 0- 
thcr of theſc equal frgures, as before. 


4 To find aright le, equal to the circumference 


of acercle, or other part thereof, 


Take the Semi liameter of the circle given, and to it open 
the Sefor jnth- poiarsat $; fo the parallell taken from be= 
tweene the potn Sat 99 inthisline, hill be the rourth parc of 
the circumference : which being knowne , the other paras 0 
mav be fund ou: by th: ſecond and third Prop,of lines. 

Thus if the Semidiamzcer of ch: circl- given be A B, the 
righ: line © F ſhall be found co be the fourth part of the cir- 
cumference. Therefore the douv'e 3f £ F ſha'l be equall to 
the circumference of 189 gy. and he haif: af E & ſhall be the 
gircumkcrence of 45 £7- and ſoin the reſt. 


T 


CHAP, II. 
Of the lines of Segments 


: linzs of ſegments which arc h:re placed between the 
1es of fiaes 114d ſwperfici-r, andacenimvred by 56,7, 
8,9. 10. d repreſeat the diam:ter of a circl:, io divided into 
a hundred parts, as thata right line drawne chrough theſe 
parts, perpe.1dicalar tv the diam ter, ſhall cur the circie into 
twoſeg ents, of which th: greater ſegmzar (hill have that 
proportion to the whole circle, as the parcs ca: haye to 109- 


Fheuſcofthem may be. 
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150. 0f the lines of Segments: 


1 To divided circle given into two ſegments 
according to aproportion given, 
2 To find a proportion betweene 4 circle 
and his ſegments z1ven, 


Let the Sefor. be openedin the points of an roo, toth? | 
diameter of the circle given: lo a patallell taken from the | 
poturs proportional to the greater ſegment required, ſhall 
giue che depth of chat greater ſegment. | 

Or 'f the tegments be given, let the Sefor be opened as bee 
fore; then take che depth ofthe greater {cgmeur, and carry it 


x5” 


Of the lines of [aſcribed badies. I5Y 
prralle'ltothe diameter : ſo the number of points wherein 
they ſtay, ſhall ſhewthe proportion ty 109. 

As if the diamzter of the circie given were Þ L, the depth 
of th: greater ſegment L O being 75, doth ſhew the. propor- 
tion ot the ſegment O Af L, to the circle to be as 75 to 

> 400 viz. three parts of foure. 
| Hence I might ſhew, if there were any uſe of it, 


To find the ſide of a ſquare, equall to any 
knowne ſeoment of a circle, 


The (ide ofa ſquare equall tothe whole circle, may be 

found by the former Cap. and then haviag the proportion of 

; the ſegment to the circle, we may diminiſh the ſquare in 

ſuch proportion, by chat which hath becne ſhewed £16. 1: 
Cap. 3Z- Prop, $ «. 


CHAP, IIL. 
Of the lines of Inſcribed bodies, : 


Helines of snſcribed bodies arc here placed betweene the 
lines of lines, a 1d may be knowne by the lecrers, D, S, 1 
C, ©, T,of which D jig nficch the (314e of a dodecahedron, 1 
of an Ico/ahedron, C ofa cube, O of an oZahedron and I of 2 
tetrahedron, all iMfcribed inco the am: ſpheic, whoſe ſemi« 
diameter is here ſiz1ified by the letier S, 
The uſe of thel- lines may be, 


I The ſemidiameter of aſp here b-'n 7 oiven,to find 
the ſides of the fiur re2utar bodies, which 
may be inſcribed in the ſaid ſphere. 
2 The ſide of any of the fiue reaular hates being given, 
to find the ſemidiam:ter of 4 ſphare, that will 
circumcribe theſaid bodie. 


Ifche ſphace be firlt givea,take his ſemidiameter,and to it 
open 


: Do CCC,  ETm—_—T AL. 


open the Seffor in the points at $: if any of the other bodics 
be firſt Siventobe the ide of it, and fit it over in his duc 


Points : ſothe parallelltaken from berweene the points of 
the other bodies, ſhall be the ſides of thoſe bodies, and may 
_ inſcribed into the ſame ſphere. 
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So if the {cmidiameterof che ſphzre be A C, >the ſide of the 
Sodecubedren inſcribed ſhall be D E. 


CHAP. IIIL. 
Of the lines of Equated bodies. 


& » He lines of equated bodies are here placed betweene the 
| 4 lines of /snes and ſolids, noted with theſe letters, D,1,C, 
S,9, T,of which D ſtands for the fide of adedecabedron, I,tor 
the (ide of an Icoſahedron, C for the ſide of a cube,sS for the di» 
ameterof aſphere,O for the fide of an o&ahedron,and T for the 
fide of a tetrahedron , all equall one tothe other, The ule of 
thele lines may be, 


1 The diameter of a ſphere bring given, to find the ſides 
ef the fine regular bodies, equall to that ſphere. 
2 The ſide of any of the fine regular bodies being given, 
to find the dtameter of a phere,andthe ſides of the 
other bodies, equall to the firſt body grven. 


If the ſphzre be firſt given, take his diameter, and to ir 0+ 
pen the Seffor inthe points at $: if any of the other bodies 
be firſt given, take the ſide of it, and fit it over in his duc 
points: ſo the parallels taken from berweene the points of the 
other bedics, ſhall be the ſides of thoſe bodics equall to the 
firſt body given. 

Thus inthe laſt diagram, if th2 diameter of a ſphzre given 
be B (, the fide of the dodecahedron cquall to this ſphrre, 
Vculd Lc found to be F G, CHAP. 


of the lines of Mettals: 
CHAP. V. 
Of the lines of Mettals, 


He lines of Aettallr are here ioyned with thoſe before 

of equated bodits , and arc noted with theſe charaters 
©.&.h.3.y.4'Y. of which © ſtands for go'd, 2 for quickſilyer, 
q for leade, ? for fi'ver, 9 for copper,g for iron,and yþ for tins 
The uſcof them is to give a proportion betweene theſe ſe» 
uerall mettals, in their magnitud: and weight, according to 
the experiments of Marines Ghetaldins, in his booke called 
Promotis eArchimeder, 


1 In like bodies of fp mettalls 4nd equall 
weight having the magnitude of the one, 
to finde the magnitude of the reſt. 


Take the magnitude given out of che lines of Solids, and 
to it open the Setfor inthe points belonging to the mettall 
given: fo the parallells taken from between the points of the 
other mettalls, and mcaſured inthe lines of So/54s, (hall giue 
the magnitude of their bodics. 

Thus baving cubes or ſpheres of cquall weight , but ſe- 
verall mettalls, we ſhall finde that if thoſe of tin containe 
10000 D,the others of iron will containe 92 50,thole of cop- 
per 8222, thole of ſilver 7161, thoſe of lead 6435, thoſe full 
of quickſi.ver 5453, and thoſe of gold 3895. 


2 Inlike bodies of ſeveral mettalls andequall 
magnitude, having the weight of one to 
finde the weight of the reſt. 


This propoſition is the converſe of the former , the pro- 
portion not dire, but reciprocall, where fore Eaving two 
Iike bodics,take the given weight of the one out of the lines 
of Selids,and to it open the Seftor in the points belonging to 

X th 


the metrall of ths other body:-ſo the parallel! caken from the 
points _—_—_— to the body given, and meaſured in the 
lines of So/i4s, (hall give the weight of the body required. 

ASif a cave of gold weighed 38 C.an11 « were required to 


k1ow che weiohe of a cubs of lcad havi 18 equall magaitude, 


Firlt I cake 38k. torth: weight of the golden cave, out If 


the lines of So/345,114 par it over inthe points of H belonging 
roleid : fo the parallell rak-n from between: the points of © 
ſtznding for gold, a1d meaſured inthe lines of S2/zds, doch 
give the weigh: of the leaden cave r2quired to be: 23k, 
Thus if a (phzre of gold ſhall weigh 19090, we ſhall find2 
that a ſphzre of che ſane dizmeter full of quickfilyer (hall 
weigh 7143, a ſphere a lead 605 3,aſpher: o ſilver g438, 


a \ſphzre of copper 4737, a ſphzce of iron 4210, a1 a ſphere 
of tiane 3895. 


3 A body being given of one mettall,to make ayother 
like unto it of another meatall, and equall weight. 


Take out one of the ſides of the body given , and partic 
over 11 the points belonging to his metrall: ſo the parallc!l 
taken from betwee tc the points belonging to the other mer- 
tall , ſhal! give the like iide, for the body required, If it be 


a2 irregul1r body , let che other like fades be found our in 
the ſame ma cr, 


A 
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Let the body given be a ſphzre of lead containing in mag- 
nitude16 4, whoſe diameter is A, to which i am to make 
a ſpnzre of iron, of cquall waigh:: It I :ake oat the diamerer 
A, a" puc it over in the points of h belonging to lead , the 
para'lel! raken from betweene the points of 4 ſtanding tor 
won, ſhall be B, the diameter of the iron ſphere required, 
And this compated with the ocher diameter, in the lines of 


Solids, 


Of the lines of HMettals, 155 
folids will be found to be 23 4. in maguirude, 


4 A body being given of one mettall,to make another 
life anto it of another mettall, accor- 
ding to 4 weight priven, 


Firſt find the ſides of a like body of equall weight , then 
may we either augment or diminiſh then! accordivg to the 
proportion given by that which we ſhewed betore un the !c- 
cond and third Prop. of Solas, 

As if che body given were a ſphzre of lead, whoſe diame- 
ter is A, and it were required co find the diatneter of a (phare 
of iron, which ſhall weigh hrce times as much as the ſphare 
of lcad: 1 take A, and pur it ov:r in the points of þ, his pa- 
rallell raken from berweene the points of F\, ſhall give me B 
for the diameter of an equill fphzre of iron : it this be aug- 
mented in ſuch proportion as L unto 3, it giveth CC for the 
diameter requireds 
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Of the lines on the edges of the SeZtor. 


CHAP, VI. 


Of the lines on the edges of the 
Sedtor. 


H Aving ſhewed ſome uſe of the lines 
on the flat fides of the Settor, there 


remaine onely choſe on the edg.s. And 
here one halte of the outward cdge is di- 
vidcd into inches , and numbred accor- 
dirg to their diſtunce from the ends of 
th- Settor. As in the Sector of fourrcene 
inches long, where we find 1 and 13, it 
ſhewerh that diviſion to be 1 ich from 
the nearer e':d, ayd 13 inches fromthe 
farther end of the Seftor. 

The other halfe containeth a line of 
leſſ-r tawgents, to which the gnomon 1$ 
Radins.They arc here continued io 75 gre 
And if there be need to produce them 
farther, take 45 out of the number of de- 
.grees required, and doutle the remain- 
der: forthe tangent and /ecant of this dou- 
ble remaind-r being added, ſhall make up 
the rangext of the degrees required. 

Asit AB beingthe Radius, and BC 
the tangent line, it were required to find 
the tangent of 75 gr. If we take 45 gr: 
out of 75 gy. the remai' der is 36 gr.and 
the double 60 gr. whoſe tangent 1s B D, 
and theſecant is AD: if then we adde 
AD toBD, it maketh BC the rargent 
of 75 gr, which was required. !n like ſort 
the ſecanr of 61 gy. added to the tangent 
of 61 gr.ptveth the tangent of 75 gr. 30 mv, 
and the ſecant of 62 2. added to the tan- 


gent of 62. gre giveththe tangenc of 76 gr. 


The uſe of the leſſer Tangent. 8G 157 
and fo inthereſt, The uſe of this line may be = 
To obſerue the altitude of the Sane, 


Hold the Sefor fo as the tangent B/* may be verticall and 
the gavmon B eA parailell to the horizon ; then turne the 
gnoumontoward the Sunne, ſo thar it maycaſt a ſhadoiw upon 
the tangent, and che end of the ſhadow ſha'l they the altirud?2 
ot the Sunne. So if che end of the gnomon at - 4, do give a 
ſhadow unto H, it ſhewe th: hat the a'tirude is 38 gr. 3, it unto 
D, then 6o gy. and io in the reſt, 

There 15 avoth r uſe of his £.21gent line, for the drawing 
of the houre lines upon any ordinary planc z whereot 1 will 
ſer downe chele propoticions. 


1 To draw the honre lines upon an horizontal plane. 
2 Toadraw the hourc lines upon a direct veriucall plaine: 


Firſt draw a right line A C for the horizon and the aqua» 
tor, and crofle it at the point A about the auddle of the line 
with A B another right line, which nay ſerve for the meri- 
dian and the houre of 1 2; then take out 25 gr. out of the tan- 
y_ and pricke the i: downe in the zqua:or on both bdes 

rom 12: ſo the one poiat ſhill ſerve for the houre of 11, and 
the ocher for the houre of 1. Againe, take our the tangent of 
30 gr. and pricke it downe im the zquator on borhſides from 
12: fo the one of theſe points ſhall icrue for the hour of 20, 
aid che other for the houre ot 2. In hike maner may you 
pike downe the tangent of 45 gr for the houres of 9 aud 3 
and the tangent of 60 gr. for the houres of 8 and 4, and the 
tangent of 75 gr. for the houres of 7 and x, 

Or if any plcaſe to ſc: downe the parts of an hour +, he may 
allow 7 gr.30 m.for every halfe houre,and 3 gr.45 mefor eve - 
ry quart. r. This done, you are to confider the latitude of the 
place, a' dthe qua'itie of the plane: For the ſecant of the !a'i- 
tude ſhall be | he ſemidiameter in a vertical plane,& the /ecant 
ot the complement of the latitude in a1 horizontall plan-. 

N 3 For 
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Theaſe ofthe leſſer Tangent: x56 
For example , about London the latitude is 51 gn, 30 m; 
and let the plane be verticall. If you take 4 Y the ſecant of 
$1 g7, 30m. 0uc of the Seftor and pricke it downe in the me= 
ridian line from A uaco Y, the point Y ſhall be the center: 
and if you draw right 'ines from Y uno rt, and to, and the 
relt of the houre points, they (hal: be the hourelines requ:'- 
re 
But ifthe plane be horiz-ontall, then you are to take out 
A H che tecant of 38 »y.39 m.tor the ſemidiamener,and prick 
ie downe inthe meridian line from A unto H . fo the right 
lmc> drawnetrom the cerer H unto the houre points, ſhall 
be th- hourelines requir. dz oncly the houre of 6 is wanting, 


and:at mutt alwayes be drawne parz'le'l to the #quarors. 


through the c.nrer V in a vercicall, through the center H in 
ati horazotall plane. 

This bei"g done, if you ſer the lines 4 H, HF, to a righe 
angle (H A Y che right line HY the bale of this triang!e thal 
be the axis of the ſtyle for cichcr plaine. 


3 Todraw the houve lines 81 4 polar plane. 
4 To draw the houre lines on a meridian plane, 


In a polar plane the xquator may be alſo the ſame with the 


hoxizonrall line, and the houre points may be pricked on as. 
before, bur the houre liacs muſt be drawac parallell co the 


meridian. 

Ina meridian plane, the xquator will cut the horizon:all 
line with an angl- cquall to the comylemetrt of che latitude 
of the place; then may you make choite o. che point A, and 
there croſſe the xquator with a right line, which may ſerve 
for the houre of 6: lo the tangent of 15 gr. being pricked 
dowacinthez41ator on both {ides from 6,thall ſerue tor the 
houres of five and 7; ad the tangent: of 30 gr. tor the houres 
of 8 and 4,414 the tange it of 45 gr. for the .1ourcs of 3 and 9 
and the rang-1t of 60 gr. for the houres of 2and 10; axd che 
tangent of 75 gr. for the houres of taggtt. Ali you draw 
right lines through cheſe houre points, cro.1i 1g the aqua» 


tor at right angles, they (hall b: the nvace lines require --N 
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TE The uſe of the le ſer tangent? 
The ſyb{tilar will be the ſame with the houre of 12 in the 
Polar plane, and wich the hourc of 6 in the Meridian planer 
the axis of the ſtile may be parallell to the ſubſtilarc in cithee - 


plane according to the diſtance of the third houre from the 
lubſtilar. 
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T he ufe of the lifſer Tangent. . 7'6J 
5 To draw the houre lines in averticall declining place, 


Firſt, draw A Fthe mc1idian, ard A E thc horizontal un: 
cruii;ng one the other ar right angies in the point A. 

2 1:4en take out AY, the fecant of the latitude of the 
place, which you may ſuppoſe to be 51 gr, 30m. ard prick it 
downe in the meridian line from A unto V, 

3 Becaule it 18 a declining plane , and you may ſuppoſe 1t 
to decline 49 g7- Eattward, you are to make an angle of the 
dcciina: ton upon the center A, below the honzonall line, 
and to the letr hand of the meridian line, becauſe the dcclts 
nation is Eaſtward, for otherwiſe it ſhould have bin to ih2 
riglit hand, it the dC. ination had bin Weſtward. 

4 Take A H,the lccant of the complement of the latitude 
out of the Setfor, & pricke it downe in the line of d«chnation 
trom Aunto H, as you did before for the ſemidiameter in the 
hor:zoncall plane. 

5 Drawa lineat full length through the point A, which 
mult be perpendicular unto A H, and cut the horizontall 
line according tothe angles of declination, and it yvill be as 
the zquator in the horizontal plane. 

6 Takethe houre points out of the Tangent line in the 
Seftor and pricke t! em downe in this zquitor on both ſides 
from the houre'of 32 at A. 

7 Lay your ruler, & draw right lines throngh the center H 
& cach of theſe how:e points : to have y ou all the houre lines 
of an horizontall plane, onely the houre of 6 is wanting, and 
that may be drawne through H perpendicular to H A, 

Laſtly, yoga are to oblcrue and marke the interſeRions, 
which thele houres lines do make with A E the horizontal 
line of the plane : and then if you draw right lines through 
the center V, andeach of the!e inter{eions, they ſhall be the 
houre lines required. 

T heline H Fdrawne upto the Horizon and parallel! to the 
neridian, will give the ſubſtilar V F : The line F G drawne 
Perpendicular co Y F and cquall toF H will give V G the 
axis of the ſtile. 
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” fines of goand 99 : Then take 15 gr. our of the larger _ 
r 


£62 The uſe ofthe leſſer Tangent, 
6 To prick: down the houre points 8u0ther way, 


Having dra'v4e a right line for ch2 x juztor as before, and 
made chaile of th: poinc A, for ch: houre of 12 + you may ac 
plcaſure ct ofewyo equall lines A 10, and A 2. Ten upoa ths 
diitance betweeae 10 and 2, mae a1 <quilaterall triangle, 
and you'hall have Þ for the center of your 2 qutor, and the 
liae A 3 (hall givech2 diſt iac2 from Atog, awd from A to 
2, Thatdoae cake 04t the diſtaic? b:rwoene 9g and 3, and 
this ſhill givethediſti1:e fro.nB uo 8, ard from 3 unto 7, 
and from Zunor: andagiiaz fron B unto 4, and from 4 
uno 5 21d from 4unto L1. So have you the houre points, 
a1d it you take oarthe diſtance Bi, B 3,B 5, &c. You may 
find2 the poiats not oaely for th; halte hoares, bur alſo for 
the quarters, 

But if i: ſo fall ons, that ſom? of theſe houre points fall out 
of your plane, you :n1y helpe your (clte by the larger rangent, 
bo-h in the verricall, and horizontall planes. 

For if a; the hoare paints of 3 ad 9, in ichzm. p. r5$ your 
draiy occalc li1:s parallell tothe meridian z thediltanc.s D C 
berweene the hoare linc of 6, and che ho ire points of 3 and 9, 
will be equall to the ſemidiamzrer A V in a verticall, and A 
Hi1a horizonall plane, and ifthzy be d vid:d in ſuch fort as 
the hac A Cis divided, you ſhall have the points of 4,and 5, 
and 7, a14d 8, withth-ir halfes and quarters, 

As in the horizonall plane, cake ou: the ſemidiameter 
A H;and mike ir a para/le!l Ralius by ficting it over in the 


a1d lay them onth2 lines of ines, where thzy will reach from 
the center uato the ſi1es of 15 gr. 32 m. therefore take ou: 
th eparallell fine of 15, gr 32m. and it ſhall give the diſtance 
from 6 untos, and from6 uno 7, in your hor:zontall plane. 
Tiat do 1etake out 30 gr. out of ch larger tengevt, and lay 
then on the ſines, fron the center unto the fines of 35 gr. 
16. an|cheparallell ſin: of 35 gr. 16 ms ſhall give+ you the 
dnit1ace from 6 uato 4 and from 6uno $8, in your horizontal. 

plaac 


The uſe of the lefſer Tangent. 163 

plane. Thelike may be done for the halfe houres and quar- 
TCrS. ' 

So allo in the verticall d :c'inin2 plane. If you firſt rake out 
the /ecaxt of the declinarion of the plane, and prics ir dowae | 
in che hocizon:all lins from A 110 E, a11 through E draw j 
righr lines pacallell co the meridian, which will cut the for- 
mer houre lines of 3 a1d 9, »r 018 of th:m in the poin: C: 
thentake out the ſemidiamerter A V, and prick it dowa? in 
thoſe parallells from Cu1to D, and drawy right lines from A 
unto C, and from V unto 72; cheline V 2 (hill be che houre 
of 6, aad if you divide theſe line A Cand DC, in fach fore 
as you divided che like line D C 11 the horizonzal plane, 
you (hall hay : all che ho ire points requir-d. 

Or you m1/7 fi ndehe point D, inthe hoare of 6, wichour 
knowl:4ze either of H or C. For having pricxe-dowae A V 
in.the merid a1 liac, an1 AE in che horizoreall line, and 
drawaeparallels to the miridiaa through the points at E, 
you may rake theranzent of the laticuld- our of the SeFor,and 
fit it over in the fines of 99 and go: ſothe paraliell fi12 of 
the declination m:aſuced i1 che lam : 14ng2-*t lin2, ſhall chere 
ſhew the complement of the angle D V A, waic' th? houre 
line of 6 miketh wichthe m2cidian; chen having the point 
D, take out the ſemiliam ter V A, and prickxe it dowae in 
thoſeparallels fron D 11:0 C: fo (hall you have th: lines 
D A C to bedivided as before. 

The li\e migh* bz uſed cor the houre lines uo91 all other 
| | planzs. But I mutt not write all that ny be d »1e by the Se. 


&tor, It may ſua hoe that | have wrote ſo nethia z of the uſe of 


each line, and chereby givga the inge1u0us Reader vccalion 
to thinke of more. 


Y 3 The 


The concluſion to the Reader; 


T i well knowne to many of you that this Seftor was thu cone 
Lerived the moſt part of this bocke written in latin,many copies 
tranſcribed and di(perſed more then ſixteene yeares ſince. 1 am at 
the laſt contented to give way that ut come forth in Engliſh, Not 
that I thinks it worthy either of my labour or the publique view, 
but partly to ſatisfie their importunity who not underſianding the 
Larne, yet were at the charge to buy the wuſtrument, and partly 
for my owne eaſe. For a: it 1s patnefull for others to tranſcribe 
wy copie, ſo it vs troubleſome for me to gine (atisfaction herein ts 
«ll that deſireit. If 1 finde this to give you content, it ſhall in- 
courage me to do the like for my Croflc- ſtatfe, and ſome other 
Tuſtr- ments. In the meane time beare with the Printer « fanlts, 


and /o I reſt, 


Greſham Coll, xz» Maij. 1623; E.G, 


FI NIS. 


, 


PR Ie 


aSoNe SES Sort A 
USERS <> DD 


THE 
FIRST BOOKE OF THE 
_—_— CF. E. 


-_ _- - — 


{ EHP. HL 
Cf the Geſcription cf the Staffe. 


© He (roſe Staffe is an inftiument well 
Fae kacwn to our Sca-men y and much uſed 

Ft bythe ancicnt Aſtronomers & others, ſer- 
7 virg Aſtronomically for obſeruation of 
alt udeardargies cf diſtance inthe hea- 
ucns "Qiomrnay for perpendicu'ar 
| 7> tt ;ohrs ard diſtanc.. $ on laid and ca. 

The deſcription a::d feucrall vſcs of ir are extant in print, 
| by Gemma Friſe in Lacit 1czin Engliſh by Dy. Hood. I dit 
| ſomething frem thc both, inthe proiction of this $:«jfe, 
tut fo, as tt eir rules 11 ay bc appiied vntoit, and al their pi o- 
; ofictons be wreught Wy it : and therefore referring the Rea» 
der to their kookes,! (all be bricke in the explanation of that 
which may beapp'icd trom theirs vnto mine, and fo come 
toth* vic of thokc lines Lich are of my addition, wot extant 
aicretofore. 

The receflary parts of th's Inſtrument ate five « the Sraffe, 
ti.e Croſſe, ard the thice fights, The Staffe which 1 madet, r 
my owne uſe 15 a full yard in length, that ſo it may ſcrue for 
mca'ure, 


— — —_ 


Aa The 


N The deſcription af the lines; 


The Croffe belonging to it is 26 inches *. berweene the 
two outward ſights. [fany would have it ina greater forme, 
the proportion betweene the Staffeand the Croſſe, may bee 
fuchas 36o vato 262, 

The lines inſccibed 01 the Staffe are of foure ſots. Oe of 
them ſerues for meaſure and protration : one for obſcruati- 
on of angles: one for the Sea-cart; and the foure other for 
working of proportio:15 ia tcuerall kindes. 

The line of meaſure is an #nc4 {inz,and may be knowne by 
his <quall parts. The whole yard bcing divided equally into 
36 inches, and cach inch ſubdiuid.d, firſt into rea parts, and 
then eachrtenth part into halfes, 

The line for obſeruation of angles may bee knowne by the 
doudvle numbers ſet on both ſides ofthe line, beginning at the 
ſide at 20, and ending at go : on the other ſide at 49, and er:- 
ding at180: and this being divid:daccording to the degrees 
of a quadrant, I call it the tangent line on the Stafe . 

The nextline is the meridian of a Sea-chart, according to 
1Mercators proietiontrom the EquinoRiall to 55 gr. of lati- 
tude, and may be knowne by the letrer Af, and the numbers 
1,2. 3-4+ Unto 58. 

The lines for working of proportions,may be knowae oy 
their vnequall diſtons,and the numbers at the end of each 
line, 

I Theline of numbers noted with che letter N, diuidzd vn- 
equally into T1000 parts,and numbred with 1,2.3.4.vato 10. 

2 The line of artificiall tangents is noted withthe letter T, 
divided unequally into 4s degres,and numbred both wayes, 
tor th: Tangent and the complement, 

3 Theline of «rtsfi:5all fines, note with the letter S, di- 
vided unequally into 99 degrees, and numvred with 1.2.3+4- 
unto go. 

4 The line of ver/e4 ines for more cafic finding the houre 
and azimoth, noced with V, divided vnequally into about 
164 gr, 509m .numbred backward with 10.20.30. vnto 1 64+ 

Thus there are ſeyen lines inſcribed on the Stgffe : there 
are fivelines more inſcribed gathe Crolle. A 


T he inſcription of the lines, 3 


1 ATangentline of 36 gy. 3 m. numbred by 5. 10, 15. 
unto 35 : the midſt whereot is at 20. gr ; and therefore I call 
it the rangent of 20; and this hath reſpect voto 20 27, in the 
Tangent onthe Stafte, 

2 A Tangent line of 49 or. 6 mw. numbred ty 5, 10. 15. 
unto 45 3 the midſt whereot is at 3o gy. and hath reſpect 
unto 30 gr. inthe Tangent on the Sraffe, whereupon I call it 
the tangent of 0, 

3 Aline of s#ches numbred with 1.3. 3. vnto 26 ; each 
inch equally ſubdivided into ten parts, antwcr-ble tothe 1nch 
line upon the Stafte. 

4 Aline of ſeuerall chords, one an{werain to a ciicle of 
tweluc inches ſenudiameter, numbred with 19, 20. 30. unto 
60. another to a ſemidiameter of a circ'e of (ix in.c!.cs ; and 
the third to a ſemidiameter of a circle of thr © anus ; cor 
numbred with 10, 20. 30. unto 90, 

5 A continuation of the meridian lint from 4 17, Of 4s 
titnce unto 76 gr; and from 76. to 84 2», 

For the in'cription of thcſelines. The firt tr meafure is 
cqually diuided into inches and tenthparts of inches. 

The tans. it on the Sraffe for obſcruation of angles, wit: 
the tangent cf 20 andthe tangent of 3o on the Croſle, ra! 
all three be infcribedout ofthe ordinary table of tangents. I he 
-:affe being 36 inchcs in length ; the Radius for the tangent 
on the Staffe will be 13 inches and 103 farts of 1000 : {© the 
who'e linc will be a tangent of 70 gr, and muſt be numvrcc 
by their complements, and the double of their complem-nts. 
'erangent cf 1007. being numbred with £o and 160. 

T he Radius for the tangent of 20 on the Crolle, will bee 
2% inches, and the wholt line betweene the ſights a tangent 0! 
:C 77.3 9%, according as it is numbred. The Radius for the 
rangent of 3087. on the Croſſe, will be 22 inches and 695 
partsof 1000 : ſothe whole line betweene the ſights wall 
containe a tangent of 49 27-6 m.in ſuch ſort as they are num- 
bred. : 

The meridian line may be inſcribed out ofthe Table which 
I ſet downe for this purpoſe inthe vſe of the SeRor, _ 
Aa2 


4 Theuſe of the lines of inches. 

The line of numbers may be inſcribed out of the fr 
Chiliad of Maſter Brizgs Logarithmes : and the reſt of the 
lines of proportion our of my Cann of artificial ive and 
tangents ;and inrecompence thereof this booke will ſerue as 
2 comment to explaine the uſe of my Canon, 


— 


CRAP. Il, 


The uſe of the linzs of inches for perpen- 


dicular heights and diſtances. 


D : | 
ſuch ſort, that it may be even with the diſtance, and the 


Croſle parallel with the hejght: andthea if the cyc at the bc - 
ginning of th. Stafte ſhall ſee his markes by the inward ices 
of the two firſt ſights,there will be ſuch proportion between 
the diſtance and the height, as is betweene the parts inter- 
cepted on the Stafe and the Crofſe, Which may be farther 
explained in thcſe propoſitions, 


ore. of heights and diRances, the Staffe may be held in 
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1 Tofind an height at one ſtation, by knowing 
the diſtance. 


Sct the middle Gght unto the diitance upon the Staffe,the 


- + m—_ a 


height 


- 


for heights and diſtances. 


height will bee found vpon thz, Croſſe, For. + -, 
As the ſegment of che'Staffe ” 
ynto the ſegment onthe Crolle : 5A 
So is the diſtance given, 
unto the height. 

As if the diſtance AB being knorwne to bee 256 feere, i: 
were required to find the height B C: tirſt I place the middic 
light at 25 *nches and 6 parts of 10; then holding the Statt- 
levell with the diſtance, I rai'c the Crotle, parallell vnto ths 
height, in ſuch ſore, as that my eyc may {ce trom A the be- 
ginning of the inches onthe Statte by the fight ZE, arthe be- 
ginnizg ofthe inches on the Crofle unto the mark C: which 
being done, if I find 19 inches and 2 parts of 10 intercept: d 
on the Croſle betiveene the fights art E and D, I would fay 
the height B C were 192 feete. 

Or it the obleruation were to be made before the diſtance 
were meaſured, | would ſer the middle fight either vnto 19 
iaches, or13, or r6, or 29, or, 24, or ſome fuch other num- 
beras might belt be divided into ſeverall parts, and chen 
weorke by proportion. As if inthe former example the mid - 
dle fight were at 24 on the State, and 183 on the Crotit, 1: 
ſhon'd ſeem that the height 1s | of thediſtance; and rthere- 
f_rc the diſtance being 256, the height ſhould be 192. 


2 To finade an height, by knowins ſome part 
of the ſam: heizht. 


As ir the height from G to C were knowneto be 48, and 
it wererequired to tind the whole height B C: either pur the 
third ſight or ſome other running ſight vp91 the Crofle be. 
tweefie the eye and the marke G. For then 

As the difference berweene the fighes, 
vnto the whole ſ:omen: of the Croll; : 
S015 the part of the height given, 
vnto the whole height, 
lt chen the difference bertyyeeric the fights E a1 F, Hall 
Aa} te 


s T he uſe of the lines of inches. 
be 45,and the ſegment of the Croſſe ED 180, the! wholc | 
height {will be foundto be 192. 


3 To findan height at two flations, by knowing the 
difference of the ſame ſtations, 


As the difference offegments on the Stafte, 

unto the difference of ſtations : 

So is the ſegment of the Croſle, 

unto the height. 

Suppoſe the firſt ſtation being at F, the ſegment of the 
Croſle E D were 180, and the ſegment of the Staffe H 7 
300:then comming 64 feete nearer vnto Bina diredt lineyvin- 
ro a ſecond ſtation at A,and making another obſcruation;ſu;- 
poſe the ſegment of the Croſſe E D were 180} as before, 
ad the ſegment of the Staffe A D 240; rake 240 our of ;co, 
the difference of ſegments will be 60 parts. And 

As 60 parts unto 64 the difference of tations : 
SoD E 180 unto B C 19a the hcight required. 

In theſe three Prop. there is a regard to be had of the 
height of the eye. For the height meatured, 15 no more then f 
from thelevecll of the eye upward, 


/ 


4 To finde a diſtance, by knowine the height, 


As the ſegment of the Crolle, 
unto the ſegment of the Staffe : 
So is the height giuen, 
unto the diftance. 
" SotheſegmentE D being 18, and D A 24, the height | 
C B 192, will thew the diſtance A Þ to be 256. 


5 Tofinde a diſtance,by knowing part 
of the herght, 
As the difference betweene the fights, 
unto the ſegment of the Staff ; 
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for heights and diftances, 7 
So is the part of the height given, 
unto the diſtance. 
And thus the ditference betweene Eand F — 45, and 


theſegment D A 249; the partof the height @ {, 48, will 
give thediſtance 4 B to be 256. 


6 To finde a diſtance at two itations, by knowing 
the difference of the ſame ſtations . 


As the difference of ſegmenes onthe Staffe, 
unto the difference of ſtations : 

So is the whole ſegment, 
unto the diſtance. 

And chuSthe ſegmenc of the Croſle being 180, the ſeg- 
ment of the Staffe at the firſt ſtation 2404 at the ſecond 300, 
thediffcrenceofthe ſegments 60, and the difference of ftz- 
tions 64, thediftance AB ac the firit ſtation will be found to 
be 256, and the diſtance H B at che {econd ſtation 320. 


7 To find abreadih by knowing the diftance per- 
penaicutar to the breadth, 


This is all one with the firſt Prop, For this bredth is but an 
heighe turned ſidewayes : and thereture 
As the {:gmeat of the Staffe, 


unto the ſegment of the Croſle; 
Sois the diſtance 


unto the breadth. 


Andchus the ſeginenr of the Staffe being 24, and the ſcg- 


ment of the Crofle 18, the diſtance A B 256, will give the 
breadth B Cto be 192, 


8 Tofind breadth at two Flations in a line perpen- 
dicular to thebredth, by knowing the diffe- 
rence of the ſame ations. 


This is alſo the ſame with the third Prop. and re 


6 Oftaking breadtbs, 
As the difference of ſegments onthe Staffe, 
unto the difference of ſtations : 4 
So the ſegment on the Croſſe betweene the ty 0 ſights, 
unto the bredth required, 

Ard thus the difference berweene the ſtations at A and H 
bcirg C4, the d ference of ſegments on the Staftc 60, the 
icgment ot the Cicfle 180, the bredth B C will bee found to 

be I'92, 

In like manner may we firde the breacth CC for having 
found the bredth B C the proportion wil hoid, 

AsDEisuito FE,ſo B C unto G C, Orctheriwile, 

AsSHauno HA, ſloFEumoGC. 

Neitkcr is it matcriall whether the two ſtations be cho- 
ſen at oneend of the bredth propoled, or v.itheut it,or witl:- 
in it,1t the line betweene the ſtations be perpendicular unto 

the bredth : as may appeare if in ſtead of the ſtattonsat ef 
and H, we make choile of the like ſtations at /and &. 

There might be other wayes propoſed to work theſe P op, 
by holding the Croſſe even with the diſtance, and the Statte 
parallell with the height:but theſe would proove more trou- 
blelome,and thoſe which are dclivercd are futhcient, and the 
ſame with thoſe which others haye ſer down under the riaine 
of the Jacebs Sraffe, | 
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The uſe of the Tangent lines; 


CHAP. 111. 
The uſe the Tangent lines in ta- 
king of Angles. 


1 To finde an angle by the Tangemt 
on the $ 4 


T.2 the midle ſight be alwaies ſet to the middle of the 
Croſſe, noted with 20 and 30, and then the Croſſe 
Bb 


drawne 


20 The nſeaf tht Tangent lines, 


drawne nearer the eye,untillthe markes may be ſcene cloſe 
within the ſights. For fo if the eye ar A(that end of the Staffe 
which is noted with go and180)beholding the marks K and 
N,betweene the two firſt fights, and PB, or the markes K 
and P berweene the two outward tights, the Croſle being 
drawne downe unco H, ſhall Rand at 3o and 60, in the Tan- 
geat on the Staffe: it ſhewerh the angle X AN is 309 gr. the 
angle & A P 60gr. the one double to che other; which is the 
re-ſon ofthe double number: on this line of the Statfe : and 
this way will ſerve for anyangle from 20 gr. toward go gr- 
or from 40 gr.coward 1 8 gr.Butif theangle bee keile chen 
20 gr,we mult then make utc of the Tangent vpon the Crolle 


2 To finde an anele by the T ancemt of 20 
upon the Croſſe. 


Set 20 unto 20, that is, the middle ſight to the middeſt of 
the Crofle at the end of the Staffe, noted with 20: ſo the cye 
at A,bcholdng the marks Z and N,, clole betweene the two 
firit fights, C and B, ſhall ſee chemian an angle of 20 gr, 

It che markes ſha!l be nearer rogether, asare M and N, 
then draw in the Croſſe from C vnio E x if they be farther a- 
{ander,as are K and N,then draw out the Crofle from C vnro 
F; fo thequantity of the angle ſhal! be ftiil found in the Croſlg 
in the Tangentof 20 yr, atthe end of the Staffe ; ard this 
will ſeruc for arvy angle from 20 toward 35 gr. 


3 To find: an anele by the Tangen! of ; © 
wponthe Cri ſſe. 


This Tangent of 3ois here put the rather, that the cn( 
of the Staffe reſting at the eye, the hard may more eaſily rc- 
mooue the Croſſe : for it ſuppoſeth the Radius to be no lon- 
ger then A H, which is from thecyc at the end of the Stafte 
unto 30 gr. about 22#nches and 7 parts, Wherefore here (ct 
the middle fight unto 30 gr. on the Staffe, and then either 
draw the Croſle in;or cut, untill the markes be ſcene berwoon 

the: 


fp ae hb 
' in taking of angles; = wy 
theewo firſt ſights;ſo the quantitie ofthe angle will be found 
in the Tangent of 30, which is here repreſented by the line 
G H, andthis will ſerve tor any angle from © gr. toward 
43 gr. 


4 Toobſerut the altitude of the Sxnne backward, 


Here it is fat to have an horizontall ſighe ſet to the begin- 
ning of the Staffe, and then may you turne your backe to- 
ward the Sun, and your Crofle 1owa:d your eye. lithe alti- 
tude be vnder 45 gr. fet the middle ſight to 30 on the Staffe, 
and looke by the widd'e fight through the horizontall ynro 
the horizon , momvg the Croſſe vpward or downeward, 
untill the upper ſight doe ſhadow the upper halte of the hoe 
O—__ light :ſothe altitude will be found in tlie Tangent 
of 30, 

It the altitude ſlia!be more then 45 er. ſet the middle fight 
unto the middeſt of the Crofle, ard look by thc inward edge 
ot the lower fight throungh the horizontall to the horizon, 
moving the middle ſight in or our,untill the upper fight doe 
ſhadow the upper halte of the horizon-all ſight : to the alti- 
—_ will be found inthe degrees on the Stafte betweene 49 
and 180, 


s Toſct the Stafſe to any angle given. 


T his is the conuerſe of the former Prop. For ifthe middle- 
ſight be ſet to his place and degree, the eyc looking cloſe by 
the ſights as before, cannor bur ſee his obicR in the ang'c 
g'Vcns 


6 To obſerme the altitude of the Sunne another way. 


Set the middle ſight to the middle of the Croſſe, and hold 
the horizontall fight downward, ſo as the Crofle may be pa» 
ralle'l tothe horizon, then is the Staffe verticall; and if the 
outward ſight of the Croſle do - 5Wx the horizontal bets 
Bb 2 c 
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thecomplement of the altirude will be found ia the Tangent 
on the Staffe. 


7 Toobſerue an altitude by thread 
and plummet, 


Let the middle ſight be ſetro the middeſt of the Croſſe, 
andtothatend of the Staffe which is noted with 90 and 180; 
then haviag a thread and a plummet at the beginning of the 
Crolle, and turning the Crofſe upward,and the Staffe coward 
the Sunne, the chread will fall on the complement of the al- 
ticude aboye the horizon. And this may be applicd to other 
purpoſes. 


8 Toapply the lines of inches to the taking 
of axles, 


If the angles be obſerved betweene the rwo firſt ſights, 
there will be ſuch proportion betweene the parts of the 
Staffe and the parts of che Croſſe,as berweene the Radias and 
the Tangent of the anglc. 

As itthe parts intercepted onthe Staff: were 20 inches, the 
parts on the Crolle 9 inches, Then by proportion as 22 vnto 
9, ſo 100000 unto 45000 thetangent of 24 gr. 14. 9. 

But if the angle ſhall be obſerved betweene the two out- 
ward ſights,the parts being 20and gas before, the angle will 
be 48g7. 28 mw. double vato the former. 

Inall theſc there is a regard to be had to the parrallax of the 
eye,and his hcight above the Horizon in obſervations at Seaz 
to the ſemidiamerer of the ſunne, his parallax and retraRion, 
aS11 the vſe of other ſtaves. And fo this will be as much,or 


more then that whch hath bcene heretofore performed by 
the Croſſe-Staffe, 
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CHAP. IIII. 


The uſe of the lines of equall parts ioyned 
with the lines of Chords. 


He lines of equall parts doe ferue alſo for protraRtion, as 

may appeareby the former Diagrams, but being ioyned 
with the lines of Chords, which I place upon one fide of the 
Croſſe, they will farther ſerve for the protraction and re(olu- 
tion of right line triangles ; whereof 1 will give one 
example in finding ofa diſtance at two ſtations otherwiſe 
then in the fecond {has. 
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Let the diſtance required be +4 Þ, At A the firſt ſation I 
make choiſe ofa ſtation line toward C, and obſerue the angle 
B AC by thetangentlines, which may be 43 gr.20m ;then 

Bb 3 having 
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having gon an hundrc dpaces toward ({,, I make my ſecond 
ſtation at D, where ſuppoſc I finde the argle BDCtobe 58 
£r. or the angle B D Atobe 1n:2gr; this being done, I may 
ftinde the diſtance A Þ in this maicer, 

1 Idrawa right live eA C\ repreſenting the ſtationline, 

2 I take rocout of the lines ot cquall parts, and pricke 
them downe trom 4 the firſt ſtation unto D the ſecond, 

3 I open mycompaſlles to one of the che-ds of 60 gr. 
and ſetting one foote in the point 4, with the other 1 de» 
ſcribe an occult arke of a circle interieRting the ſation line 
in E, 

4 Irakeont of the fame line of 6bords a chord of 43 gr. 
20 ”». ( becauſe ſuch was the angle at the firſt Ration ) and 
this I inſcribe into that occule arke from E ento F, which 
makes the angle F A D cguallto the angle obtcrucd at the 
firſt ſtation, 4 

5s I deſcribeanother like arke upon the center D, and in» 
ſcribe into itachordof 5B gr. from CuntoG, and draw the 
right line D G, which doth mecer with the orhcr line A E 
in the point B, and makes the angle B D C <quall to the an- 
glc obſerved at the iccond ſtation. So thc a: gies in the Dea« 
grams being cquall to the angies 1n the field, their ſides will be 
alſo proportionall : and ther-tore, 

6 1Irake outthe line A Þ with my compaſſes, and mea- 
ſuring itin the ſame line of equall parts, from which I tooke 
A D,1I finde itto be 335, and ſuch is the diſtance requited. 


CHAP. 
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The uſe of the Meridian lines 


CHAP, V. 
The uſe of the Meridian line. 


I He Meridian line, noted with the letter 4, may ſcrue 

for the more eaſie diviſion of che plane (ca-cart,ac- 
cording to Mercators proiction, For if you ſhall draw paral- 
lell meridians, cach degree being halfe an inch diſtant from 
other, the degree of chis meridian line on the Staffe, ſhall 
givethe like d.grecs for the mcridians on the chart, from che 
EquinoGtiall coward to Pole : and then if through thele de- 
grees youdraw ſtraight lines perpendicular to the meridians, 
they ſhall be parallels latitude. 

Ifany deſire to have the degrees of his chart larger then 
thole which I have put on the Staffe, he may take theſe and 
increaſe them in adoublc, or treble, or a decuple proportion 
at his pleaſure. 

1 23 Thismeridien line being ioyned with theline of chords, 
may ſerue for the protraction an9 retolu:1on of ſuch righr line 
triangles as conc*rne latitude, longitude, rumb and diſtance 
3n the practice of navigation, As may appeare by thus exam- 

le- 

: Suppoſe two places given, eA inthe latitude of 50 gr. D 
in the latitude of $2 gr. 5, the differece of longitude between 
them being 6 gy. and let ic be required to Know, firſt what 
Rumbe leadeth fromthe one place to the other, ſecondly how 
many degrees diſtant they area ſundcr. 

1 Idrawatright line AE, repreſenting the parallell of 
the place from when1cel depart. 

2 I take 6 gr. for the difference of longitude, either out 
of the line of inches allowing halfe an inch tor every degree, 
or out of the beginning of the feriden line; ( for there the 
meridian d-grees differ very little from the equino&all de- 
grees) and theſe 6 gr. | pricke downe inthe parallell from A 
tO Z* 

3 Io 
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23 In AandZ,Ierct two perpendiculars, AMand E D, 
repreſating the meridians of both places, 
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4 I take the difference of the latitude from 50 gr.to 5297. 
30 7. out of the meridian line,and prick it down in the meri- 
dians from A vnto A7,and from E to D, and draw theright 
lineM D for the parallell of the ſecond place, and the right 
line A D for the line of diſtance berweene both places : forthe | 
angle MA D ſhall give the Rumb that leadeth from the one 
place to the other, | 

5 To findthe quantitie ofthis angle M A D, I may either 
make uſc of the Protrator,or elſe of a line of chords, and lo | 
I open my compaſles vnto one of the chords of 60 gr. and 
ſetting one foote in the point A, with the other I deſcribe 
all 


: 


A. 
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an occult arke ofa circle, interſeRing the meridianin F, and 
the linc of diſtance in G z then I take the chord F G with my 
compatles, and meaſuring it in the ſame line of chords as be- 
fore, I finde it 56 gr;:anrd fuch is the inclination of the 
Rumb tothe Mcridian, which is the firlt thing that was 
required. 

6 Tofindethe quancitic of the line of d ſtance A D;! 
take it out with my compaſſcs,and malurivg it in the ineridi- 
an line, fctting one foote beneath the lefier iatitzude, avd the 
other focte as much above the greater latitude, I tid about 
4 gr. © intercepted betweene both teet : and fuchis the di- 
{tance upon the Rumb,which is the ſecond thing that was rc> 
qui:ed. 

But if thisexample were protraRted according to the com- 
mon Sea-chart, where the degrees of the equinoQiall ard 
mcridia? are both alike ; the Rumb M A D would be found 
to be aboue G7 gy. and A DN the diſtance vpon th: Rumbe a» 
bout 6 gr. 5. 

Suppoſe farther, rh1t having ſer forth from eA toward D, 
upon the former Rumbof 56 gr.15mm. NEGE, alter the 
fl1p had run 36 leagues, the wind charging, it ran 50 lcagues 
more upon the ſcuenth Rumb of £6 XN, whole inclua 1on 
tothe meridian 15 78 gr. 45 mm. And let it be required to 
know what longitude and latitude the {hip is 12, by prick.ng 
Cowne the way thercof upon the Chort., 

Havirg drawnc 2 blank chart 2s before, with me: iCians 
nd paral.els, according to the latitude of the v'aces pio- 
poſd,. 

Tt I would make an :ngle 77 AD of 56 gr. 15 #3. for 
the Rumbof N Eb F, which is done aftcr this manner : I 
open my compatlles to one of the «horas of Ec gy. and {erring 
one foote 1n the point A, with thc other l Vet the an occult 
arte of 3 Circle, int.r{eftingthe ne1 danvinF; henitilegss 


gr.15 1. out of the ſame lire of choros, ard pricke them 


downe from F unto G: fo the right line AG ſha'l be the 
Rumboft N Eb EF, 


2 1 would take 36 lcagues cnt of the meridian line, ex- 
- Cc ending 
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tending my compall:s from 50 gr. 51.43 . or rather from 
much bulow $o as above Fl, and piick them downe 
uvy ithe Ranb from Aamo 1; 'o the port, {ihill repreſent 
the place wherein the ji was when the wride changed, 
Ard this isin the | rrude of 1 gr. 0-4. and 11 the longi= 
tude of 3 gy. 21 my, oft vard trom he mendin A 7, 

3 bychcfm 14101, I may draw che night Im. / XK for 
the Rnmio ES N, and price dow:e the d.ſtaice of 50 
l.zgues trom {un K: fothe point K thal repreſent the 
plac. whuher th- thip came , at'er the runui:g of thele 50 
leavues: and this iSi (h< latitude of gl gr. 30 m. and inlongi- 
tude 6 gr 16 mm, kaſtward trom the firſt meridian A 17 
and therefore16 my Eaitward trom the ſecond meridian, 
E D, 

But if theſe two courſes were to be pricked downe by the 
common Sea-charr,the point / would fall in the latitude of 
51 gr, 02%,and the point & inthe latitude of 57 gr. 30.99. But 
the longitude of / would be on-ly 1 gr. 30 m. and the longt- 
tude of K only 3 gr.57 m.morc:both thele do make but 5 gr. 
27 m.tor the diftcrence of longitde betweene the firſt Meridi- 
an AM, and the point K: whereby 1t ſhould fceme that the 
point Kis yet 33 m, Weſtward from the Mcridian of the 
place to which the (hip was bound. 

Such 1s the difterence betyyeenc both theſe charts, 


CHAP. 


CHAP.VI 


The uſe the line of 
Aumbers, 


He line of N1:mbers here neted with ; 
1. 243-4 unto 10, 1s compleac 11 thole | 7 


: 
[ 


di vitiens Which arc buw cene1 and 10: the = 4| 


other like divifions at the beginning cf the | Fil 


line doe {crucrather is an{were to the firſt * I, 

degrees of the two nther lines of Sines and | f 

1argents then forary r.cceſſity, which is the Fer ſilos 

caule why fome of them arc omitecd. And | jk = 

here as inthe uſe of other Sca'cs the higurcs | 

I. 2. 3.4. aid fer downe upon the line doe | | 
| 
| 


fomctimes lignitic themiclues alone, ſome- | 
times 1C. 20, 3O. 40s, 10 mctiimes co. 200, 
5co, 4co, andlo forward as the matter ſhall 
7cqui! ce. The fiſt figure ct every number is | 
alwayes tha: which is herc ſet downe, the | 
reſt mult be ſupplied according to the na- 
ture of the queition. 


1 Having two numbers givento | 
finde 4 third in continual! { pro- | 
porticn, a fourth, 4 fifth, | 
and ſo forward. | 


Extend the compaſles from the firſt num- 
Der unto the ſecond ; then may yon turie 


them,from the lecond tothethind, and bas 8! 
th ethird tothe fourth, ard ſo forward. Il 
Letthe two numbers given bce 2 and4. | || 


Cc2 - Extend | 
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Extend the compaſſes from 2 to 4, then may you turne 
them from 4to 8, and from $8 to 16, and from 169 32, and 
from 32 ro 64,and from 64 to 128. 

O: if one foo:e of the compalſles being fet. to 64, th: 0- 
ther fall out of the line, you may {et it to another 64 nevrer 
the beginaing of the line, and there the other toor will reach 
to 128,and from 128 you may tarne them to 256, a::d to tor- 
ward. 

Or if the two firſt number given were 10 and 9: extend 
the compaſles from 10 at the end of the line, backe unto y, 
then may you turne them fromg unto $, 1, and from 8. i 
unto 7. 29, And fo ifthe two firſt numbers given were 1 an. 
9, the third would be found to be $1, the Parth 729, Win 
the fame extent of the compaſlſcs 

In che ſane maner, it the two firſt numbers were 10 and 
12, you may ftinde the third proportionall to be 14. 4, the 
fourth 17. 28. And withthe lame extent of the compaſies, it 
the two brit numbers were I and 12, thethud would be- 
tound to be | 44, and the fourthto be 1728. 


2 Having two extreme numbers given, 
to find ameaze pro parttonall ve- 
iweent them, 


Divide the ſpace betweene the extreame numbers into 
two ecquall parts, and the foore of the compaſics wi! itay az 
the meane proportionall. So the extreme numbers given 
being 8 & 32,the meane betweene them will be found to be 
16, which may be prooved by the former Prop. where it was 
tcewed, that as 8 to 16, fo arc 16to 32, 


3 Tofind the ſquare roote of any num 
bey 0142 


The ſquare roote is alwayes the mcane proportional be- 
eweene 1 and thenumbcr given, and therefore to be found by 


dividing 


1 
4 
2 
þ, 
: 
> 
C 
1 
© 
S 
+l 
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dividing the ſpace be:weene them into two equall parts. So 
the roote ofg is 3, and cthzroxteof Br is 9, andthe roote 
of 144, 1 12, and the rooce of 1 440 alinoſt 38. 

If you ſuppotfe pricks under the number given, (as 1n 
Arith:neticall cxtration) and the latt pricke to the lefc hand 
ſhall fall aader the laſt &gure, which will be as oft as there be 
odde figures the unitie 1ill be beſt placed at 1 in che middle 
ot the line : fo the rote and the ſquare will both fall forward 
roward the end of the line. Bu: 1t che laſt pricke ſhall fall u1-, 
der the laſt figure but one, which will bee as ofe as there 
be cuen figures, then the unitic may be plac:d at I in the be- 
ginning of the line and the ſquare in the ſecond length or rz- 
ther the unitic may be placed at 1011 the end of the li1e of 
the roote and the tquare will both tail bacxward toward the 

s! 


middle ofthe line, 1n the {ccoad lengel, 


4 Having two extreme numbers given, to 


fing two meane proportionals 
betweene thin, 


Divide the ſpace betweene the two extrems numbers 
given, iato three equall parts. As if the extreme numbers 
given were $ and 27. divide the {pace betweene them into 
rey parts, the feere of the compalles will ſtand in 12 
and 18, 


s. To find thecub:que roote of a num. 
ber given, 


The cabique roote isalwayes the firſt of evo meane pro- 
porttonals berwee'1e x and the number givea, and therefore 
co b-tound by dividing the ſpace betweene them into three 
cquall parts, 

So the roote of of 1728 will be foundao be 12, The roote 

Cc 3 cot 
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of 19280 is almoit 20 : and the rcore of 172800 1s almoſt 
Go 

: If you wppoſepricks under the rumber given aſter the 
maner of Arnhmcticall extra&'on, & the laſt prick to the lefr 
hand ſhall t-1! under the laſt figure as it dcihin 1728, the 
unitic will be beſt placed at 1 in the middle of the inc, and 
the roote the 1quare and the cube will all !ail forward toward 
the end of the l1inc. 

It the laſt pricke ſhall fall vrder the laſt figure but orc as 
in 17280, thc unitic may be placcd at 1 in the beginning of 
the line, & the cube in 1he kk cord Icngth. or the unitie may be 
placed at 10 in the erd of the line: ard the cube inthe fit 
length ; orit the cube fall cut of the line you nay kelpe y our 
iclicas inthe firſt Prop. 

Pur itthe lat prick (ball fall under the laſt figure but two, 
15 in 172$co, then pl:ce the unitic a!waies at 10 intÞeerce 
of :Þc lizc : fotke rcorethetguarc ard the cube will a1] fall 
backward ard be fourdin the fccond Icngth between the 
gi1ddlc ard end ofthe line, 


6 Tomuliip!y onenumber by anther, 


Extend the compaſſes from 1 to the multiplicator; the 
{awe cxtcnt applicd the ſame way, ſhall reach trcmti:e mul» 
tiplicand tothe preduR. 

As it the numbers to be multiplicd were 25 and 30: cither 
extcnd the cempaſies from 1 to 25,1.d the ſame extent will 
give the diſtance from 3010 750 z or extend them fiom 1 to 
30, ar:dthe ſame extcnt ſhall icach trom 25 to 750. 


#6. 
7 Todviac one number ly another. 


Extehd the compaſſcs fi om the diviſor to 1, the ſame ex- 
tent ſhall reach fromthe dividend iothe quotient. 

So if 750 vereto be divided by 25» the quotient wou!d 
be found to Le 30. 


$ Three 


The uſe of the tine of Numbers. 23 


8 Three numbers beino giv'n io find: a 
fourth proportionall, 


T his golden rule, the moſt uſeful of all others is perfor- 
med with like caic. For exte 1d ric com oatles tiom the tirft 
number to the leco:d the fame © x*4 um ſhul vive the diſtances 
from the thiid to the ton: th, 

As tor exainple, the proportion beriycene the diameter 
and che circu.nference, is laid :» bee tu has 7 to 22 : if the 
diain.ter be 14, how much is che circumference ? Extend the 
compaſles from 7 to 22, the fame extent ſhall give the di- 


ſtance from 14 to 44 : or extend thein trom 7t0 14, and the 
ſame extent ſhall reach from 22 to 44» 


Eicher of theſe wayes may be tr.cd on ſeverall places of 
this line ; but that place 1s b-{t, where che feete of the c m- 
paſtes may ſtand nercit cogether. 


9 Three numvers being givento fide a fourth 
. 11 4 duplicates proportion. 


If any haue daily w/e of this propoſition he may cauſe another 


line of Numbers tobe made, 


This propofir on co .cerncs qir tions of proportion be- 
tweene Lines aud Swuperfices ; whoie if the deto ination LE 
of lines, extend tc commnpati-s tiom the fit wo che feces d 
nmmber of the ſame de 10-nt 1atio 1 : fo the lame exrent veing 
doubiel, (hail give the diſtiice trom che third au.ober uno 
the fourth, 

The diameter bei'g 14, the content of the circieis 154 : 
the dia :crer being 28, whac nay the content be ? Excend the 
compalles from 14t » 28, the fa 1c extent doubles] ll reach 
fonts y to 616, For firit it reacheth from 154 unto 308 z 
anJtarmia; the co.npaſſes once more, it reachcth trom 308, 
unto 616; aad this is che contem required, 


Bur 


414 
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But if the firſt denomination be of the ſuperficiall conten; 
extend the compaſies unto the halte of the diftance . be. 
eweene the firſt number and the ſecond of the fame deno- 
mination : {o the ſame extent ſal! give the diſtance trom thie 
third co the tourths 

The content of a circle being 154, the diameter is 14: the 
co nent being 61 6, what may the diameter be ? Divide the 
diftance berweenc 154 8rd 616 into two eguall parts, then 
{er one focte 11 14, the other will reach to 28 the diamcter 


b| equircd, 
10 Three nambers being given to finda fourth 
114 17! plicatea properiton. 


This propoſition concerneth queſtions of proportion be. 
tiene lanes and /o/lids ; where it the firſt denomination bee 
of lines, extend the com paſſes trom the firit number to the 
ſecond ot the fame denumination; lo the extent being tripled, 
{}:all give the diſtance from the third number unto the fourth, 

Suppole the diamerer of an tron bullet being inches, the 
weight of it was 9 0: thediametes being 8 inches, what may 
the waight be ? Extend the comp-Ml:'s from 4to8, the lame 
extent being tripled, will reach tiom 9 unto 72. For firit it 
reacheth from 9 uuto18;then fromaB8to 36; thirdly from 
36ro72. And this is the weight required, 

Bur if the firſt denomination ſhall be of the Solid content, 
or of the weight, extend the cor palles to athird part of the 
dittance berweene the firſt number and the ſecond of che 
ſame denomination : ſo the fſaimc extent ſhall give the di> 
ſtance fremthethud nunber v1 rothe fourth, 

The weight of acube being 72 T, the (:deof it was B in« 
ches :the weight being 9 F, what nay the ſide be? Divide 
the diſtance betweene 752 and 9, into three cquall parts ; then | 
{ct one loote to 8, the other wall reaciito 4, the lide requireds 
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CHAP. VIL 


T he uſe of the line of artificiall Sines. 


T His line of /i*es hath ſuch uſe in finding a fourth propor- 
tionall,as the 0:dinary Canon of Swnes ; and the mancr of 
finding ity is alwayes fuch as in this example. 


As the ſine of go gr. unto the (inc of 30g7. 
So the ſine of 20 g7,unto a fourth line. 


Extend the compaſfes from the Sine of go gr. unto the fine 
of 30 gy. the ſame extent will reach from the fine of 20 gr, 
anto tic hineofg gr. 5o Im, 

Or you may extend them from the ſine of go gr. unto the 
fine of 20 gr. the ſame extent will reach from the fine of 30 
gr. untothe ſine of 9 gr. 502. and fuch is the fourth pro 
portionall fine required, 

In like maner if the queſtion propoſed were 


As the ſine of 30 gr« unto the ſine of 52 or. 
So the ſine of 38 gr. toa fourth fine, 


Extend the compaſles in the line of ſes from 3o gy. unto 
52927; the ſamecxtent ſhall give the diſtance from 38 gr. un- 
to 76 gr. Or extend them from 30 gy. unto 38 gr. the ſame 
extent will reach from 5 2 gr, unto 76 gr. which ts the fourth 
proportionall ſince 1equued. 

And thus may thereſt of all ſinicall proportions bec 
wrought two wayes., The minutes which are wanting in the 
firſt degree , may be ſupplicd by the line of Numbers, as } 
few in the next Chapter, 


Dd \ CHAP. 


T he uſe of the live of Taxgets. 
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CHAP, VIII. 
The uſe of the line of artificiall 


1 angents. 


== line of Tangents hath like uſe, but commonly 10y- : 
ncd with the line of fines : the manner of working by it, 
may appeare by this example. 


As the Tangent of 38 gr, 30m. 
is the Tangent of 23. gy. 30. 
S0 the Sine of go gr. 
toa fourth Since. - 


- PE ES SEED 


This Prop. and fuch others upon two lines, may Lee 

wrought two wayes. For extend the compaſles from the 

Tangent of 38 gr. 30 m», to the Tangeat of 23 gr. 30m; 

the tame extent ſhall give the diſtance from the fine of 

. go gr. to the ſine of 33 gr. 89m, Or elle extend them 

from 38 gr. 30, m. in the Tangents unto go. gr. in the 

line of Swes, the fame cxteat from the Tangent + f 23 gr. 

30 ” ſha'l reach to the (inc of 33 gr. 8 m. which t the 
tourth proportionall inc required. 

And this croſſeworke in many caſes i; the better , in re- 
gard the tangents which ſhould paſſe on from 49 gr. to 5© 
gr. and ſo torward, doe turne backe at 45 g7. Incile rwo 
lines of Sinesa1d Tangents. may feruc for the rcloljution of 
all ſphericalltriavg'es, according o thole Canons which 1 
have ſet downe inthe utc ot the Sector, O:cly two caſes the 
Ig and 20 will bee inore eaſily reſolued by chat which tol- 
loweth in the laſt Chapt'r of this booke, 

Or if at any time one mce'e with a Secare , Let him 
account the ſine of 8 gr. for a Secaxnr of 10 gr. andthe | 
fiac of 70 gr. for a Secant of 20 gr. and io take the ws 

'S) p 


27 The uſe of theline of Tangemts, 
of the complement in ſtead of the Secarr, 


Az if the propoſition were, 

As the Radius to the lecant of 51 gr, 30. m, 
So the (inc of 23 gy. 30. 7. 

toa fourth lanc. 


Extend the compaſſes from the R2dius that is the fine of 
90 gr. tothe line of 38 gy. 30». the ſame extent will give 
chediſtarce from the fi.1c of 23. gr. 397. both to the fiae 
of 14+ gr. 22 10th. tincof 39 gr. 50. But in this caſe, 
the ſine of 39 gr 5O mn. 15 the tuurth rcquiced, For the 
firſt number be.ug l:fle then the ſecond, that is, tie Radius 
I«fle then the ſecant, the ſincof 23 277. 30 mm. which 1s the 
third, mult alſo be lcfle then the tourth. 

Itthe fourth proportionall 1umbe! ſhall at any time fall out 
of the line, by reaſo:; of the minutes tliat «re wanti'ig 1n the 
firſt degree, it may be tupplied by refo'ſuing the third nun'- 
= given into minutes,and thin working by the line ot num- 

Is 

Ar if the propoſition wer-, 


As the Sine of go or, 
to the Sine of 10 77, 
Soſthe fine of 5 gr. 
tO a fourth (ine. 
\Or the Tangent of 5 gr- 
£5 afourch Tangent, 


Extend the cempaſſes from the ſine of 90 gy. unto the fine 
of 1ogr. the fame extent will reach trom the Sine or Tan- 
gent of 5 gr, beyond the end of the ſtaffe. Wherefore | re- 
loive thele 5 gr. into 300 minutes and find the former exterit 
toreachin the line of numbers from 300 m, unto 52 ms and 
tuch isthe fourth propottionall req"12ed, 

If the the extent from the fine of go gr. unto the fine of 
10yr, betoo large for the compaſies we may uſe the Sine of 
Dd: 5 £7 
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28 Theoſeof thelines of Sinzs an1 Tanzents, 
5 9r. 44 . inſtead of the ligne of 90 ar. 


and fo extending the compaſle> from the fine of 5 gy. 44 


#7, unto che ſizeof 10 gr. we ſhall finde the ſame extent to 
reach in the line of Numbers from 300 untoy2 as be- 


tore. 

And by the ſame reaſon wee may ufe the tangent of 5 or. 
42 2, 1 cad of the tangenr of 45 gr. as | ftther ſheay in 
the nex: Chaprer, 
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ihe uſe of the line of Sines and Tangents 
toned with the lineof Numbers. 


Helines of Sines and Tangents another like uſe joyned 

with thethe line of ALwmbers, cipecially in the refolu'1- 
on of right line triangies, wh-re the angles are meaſured by 
degrces and minutes , and the ſides meatued by ablolute 
numbers, whercot 1 will fet downe theſe propofiti- 
ONS, 


1 Having three angles and one ſide, 
zo fine the two other 


ſides. 


If it be a reravgle triafigle wherein one fide about the 
right angle being knowne it were required to finde the other. 
1 his may be found by the line of Tangencs and line of 
Numbers, For 


As the Tangent of 45 27. 
ro the tangent ot the angle oppoſite to the ſide required, 
So the number belonging to the lide given 


co 
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ioyned with the line of Numbers, 


to the number belonging to the ſide required. 


As in the reQan= * -* Ed 
g'c A B Chnowing Ho 
ticaigle CAB to  ———5S 'y 


' 2. 
A. 


be 9 gr.I5 mm, and the fide AB to be I 35 parts, ifit were 
required to jtnde rhe other fide BT avour rhe right an- 
vic. 

Extend the compaſles from the Tangent of 45 9r. unto 
the Tang2:t of g gr. 15 mz. the fame exten: will reach ia the 
Ine of Nuinbers trom 2 35 unto 22,and ſuch is the leagth of 
the ſide B U, Or inthe croſſe worke exrend che compaſſes 
from che Tangent of 45 gr. unto 135 11 the line of numbers 
thelaine extenc will:-reaco tromehe Tanger of g.gr, 15 mun- 
to 22 inatheline of N 1mbers. 

If this extent from the tangent of 45 77. to 9 gr. Ig mw. 
O' 1 35 parts bee too larg-: for the com oalles, you may utc 
the Tangent of 5 gr, 439. inſtead of the Tangent of 45 are 
becauſe both altke aniwer to 10. &c, parts in the lane G& 
Numbers. 

And:then cither extend the compaſſes from 5 gr. 43 1m. 
unto 9 gr. 15 28. 1a the line of Tangentsthe ſame extcarwriil 
reach fron 135 uno 22 tn the line vt namaers, or clic. veend 
them trom the tangear of 5 gr. 43 #. unto 135 in the line of 
Nu:nbers the ſame exre!t will reach from che Tangent of g 


gr. 15 m. \into 23 1ntheline ot Nambers as before, 


ln like namzer if the fame refangle AB C knowing 
the angle + C 3 robe 80 gr. 45 m.andtheſice BC wo 
bee 22 parts, it were required to h:de the other ſide B A. 
Yon may ule the Tangen: of 84 gr. 17 ». inſtead of the 
Tangent of 45 07. a do the ſide B A will be found to bee 
135 patts. 

Th:s holdeth for finding ofthe fides of reRangle triangles 
but generally i 1m all triangles ,whicher they be right or obtuſe 
anglcs having three angles and one ſide wee may finde the 
two other {id.s by the liac of Sizes and line of Axmbers. 
Rd3 As 


56 Thewſeef the Enes of Sines and Tangent: 


As the Sine of argle oppoſite to the ſide given, 
13to the numter belonging to that ſide grven, 
So the Sine of the angic oppotiteto the ſide 1cquired, 
to the number belonging to che (ide required. 


As in the ex:wple of the fourtth {haprer. of this booke, 
where knowing the diſtance betweene two ſtations at A and 
D to be 100 paces,the argle Þ A Cto be 43 gr.20 mand the 
angie BD (, tobe 58 gr.it was required to tind the diſtatice 
A B. 

Firſt having theſe two argles, I may finde the third angle 
A BDtobcry gr. zo met hit by lubſtraction or by com- 
plement ueto 280. Then in the Triangle Z AD, | have 
thice angles y and one fide, whereby 1 may inde both 4 B 
and D B, 

I know the angle A B D oppoſite to the meaſured fide 
AD to bec 14 gr. 40 mn. arc the argle ADB oppolite 
to the ſide required, to bee 122 gr: wherctore I extend 
the compaſles in the line of Smes trom 14 gr. 40m. unto 
122 gr. or (which 1s ail one ) to 58 gr. (tor after go gr. 
the fine of Yo gr. is allo the fine of 200 gr. and the line 
of 70 gr. the (ine of 110 gr. and ſo in the reſt ) fo ſhall [ 
finde the {ame extent ro reach inthe line of »«mbers,tfrom 
Ioounto 335. And ſuch 18 the diſtance required betweene 
Aand B. 


In 


joyned with the line of Numbers 


—— FP Oe 

In like manerit I extend my compaſles from the line of 
14'gr, 40 mn. tO the (inc 43 27+» 20. , the ſame extent will 
reach in the line of Nwmbers from 100 to 272, And ſuch is 
the diſtance betweene D and B. 

Or in crofſe worke, I may extend the compaſles from 14 44! 
£r. 40mm, inthe Simes, unto 100 parts in the line of NN aw. 3 
bers, ſothe ſame extent will give the diſtance from 58 gr.to In 
33F parts,and from 43 gr. 20 7. to 271 parts. 


2 Having two ſides given, and one anzle oppoſute i} 
to either of theſe ſides, to finue the other 2 
iwo Angles ana the third ſide, 


As the ſide oppoſite to the angle given, 
1s tothe line of the angle given x Ft 

So the other ſide given, is: 
to the ſine of that angie to, which it is oppolite; 


4 The uſe of the lize of Sines and T awgents, 


So in the former triargle, having the1wo ſides AZ 335 
paces,and ABCBpaces , and Fhowing the angle AD B, 
which is opp ofite to the ſide AB, to be132 gr. I may find 
the angle ABD, which1isoppclite to the other ſide A D. 
Fort 1 extend the compalles from 335 to 100 in the line of 
Nwmbers | (talk finde the lawig crtent to reach in the line 
of Sizes from 122 gr.to 14 gr. 49m; and therefore ſuch is 
the angle A B D. : 

Then knowing theſe two angles ABDard ADB,I may 
find the third angle B A D either by-tubtraRtion or by com- 
pleinent to 180, to be 43 27. 20 77-3 and having three angles 
and two ſides, I may well ftinde the third fide D B, by the tor- 
mer. Prop, 

This may be done more readily by croſſe worke. For if [ 
extend the compaſles from 335 parts, inthe line of n«m- 
bers, to the ſine of 122 907. the lame extent will reach from 
100 parts tothe ſine of 1.4 57. 40 7. and backe from 43 gr. 
20, to 271 parts ; and 1uch isthe thirdſide D B. 


3 Havine two ſides andthe angle betweene them, 


to find the two other aneles and the 
third ſide. 


If the angle contained betweene the two fides bee a right 
avgle, the other two angles will be found readily by chis Ca, 
non, k 


As thegreater fide given, 
is tothe leſſer fide - 
So the rangent of 45. gr. 
to the tangent ofthe leſler angle. 


Soin thereQanle triangle 4 7B, knowing the ſide A 7 
to be 244, and the fide 7 Þ to be 230: if Iexcend the com- 
paſles from 244 to 230 inthe line of »wmbers, the ſame cx- 


tgat will reach from 45 groto about 43 gre 20 m. in the as 
O 


'The wſe of the Bues of Sines and T angents, 33 


of Tangents; and ſuch is the leſſer angle B eA T,and the come 
plement 46 gr. 40m ſh the greater angle AB I. The 
angles being knowne, the Wird fide-A B may bec found by 
the firſt Props 

So l:kewiſe in the ex ample of the third Chapter of this 
boote, concerning taking of angles by the line of Inches, 
whcre the parts intercepted on the Staffe being 20 Inches, 
and the paris on the Croſſe 9 Inches, it was required to 
finde the ang!e of the altitude. For, 

I may extend the compaſles in the line of Nwumbers, from 
204nto g, the ſame extent will reach in the line of Tangents, 
from 45 groto 24 gr. 14%, 

Or in croſſe wor ke, 

I may extend the compaſſes from 20 parts in the line of 
Numbers to the tangent of 45 gr ; che ſame extent ſhall 
give the diſtance from 9 parts unto the Tangent of 24 er, 
14 ML, 

And ſuch is the angle of che altitude required, 

If the parts intercepted on the ſtifte being 20 1hches 
and the parts on the Crolle 9 renth parts of an inch it 
were required to finde the angle of the altitude. Here the 
ang'e would be much lefle, and che 9 would tall out of the 
line of numbers, 

To ſupplie this defeR, I uſe the Tangent of 5 gr. 43. mm. in- 
ſtead of the tangent of 45 gr. And then if I extend the com- 
paſſes in the line of Numbers from 20 unto gthe ſame cx- 
tent will reach in the line of Tangents from 5 gr. 43 9, unto 
277, 35 mM. 

Or in Croſſe worke if I extend them from 20 partes 
inthe one line of numbers unto the Tangent of 5 gr. 43 
», the ſme extent will give the diſtance from 9 in the 
line of Numbers unto the Tangent of 2 gr. 35 mm. 

And ſuch is this angle of the altitude required, 

But if it be an oblique angle that is contained betweene the 
the two fides given. the triangle may be reduced into two 
rectangle triangles and then refolued as before, 
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As inthe triangle ADB, where the fide A B is 335, 
and the fide AD 100, and th e BAD 43 77. 20m 
if I ler downe the perpendicul H upon the ſide A B, 
: Nall have rwo reQanglc (11g, & A HD, oe HB; aad 

ihe reavegle AH D, the angle at A being 43. 97. 20 

:, the oiherarg'e A DH wil De 46. £7.49; and with 
th {ce angles ard the lice 4D, I may fi = a 4 Fſand 
DH, by ec firſt Pros. 

Then tak! 4 AH« Ut of AYP : there renmail1cs i1B for 
the de of the reQa: oceDHB; and therctorc with this 
fidz H B and the othir fide H D, 1 may ti:de both the 
angle at B, and che third tide D B, as in the torm.r parc 
of this Prop, 

Oc I may findihe angles required, without Ictting;dovine 
any pcrpcadicuiar, For, 


As the ſumme of the {ides, 
is tothe difference ot the (des : 

Sothe tanigen of the halte ſumme ct the oppolite ati 
o'es, 

:0 the Tangent of hali: the difference betweene thoſe 
angles. 


As inthe former triangle +£D B, the ſumme: of the ſ1dzs 
AB, AD, is 42s, and tlic diff:rence berweene then 235 ; 
theang le contatied 43 97420. m2 ; and therefore the 1 1mme 
ot the t two oppcſite angics 136 9r, qo, a:d the halte fumme 
68 Gr,20 m. Hereupon [ extend the co: npaſles 1 1 the line of 

Numbers trom 455 to 235, and I finde them to rcach in the 
lineof Tangents from 68 Gr.20 m, unto 53 Gr, 4om; and 
ſuch is the halfe difference betweene the opp: ſite angles -t B 
«nd D, This halte difference being add<d to : IC I It lum, 
dot theive122 Gr. for the greater angle ADPL: and being 
fubrratted, it leaueth 14 Gr. zo m. for Thelefſer ar gc - ABD: 
T hen the three angics being knoyyne, the third fide Þ D may 
ve found by the tirtt Prop, 


4 Having 


Cars 


4 Re 4 


Joyned with the lint of Numbers Is 


4 Havirg the threes of arieht linetrianzle, 
ro find thethree angles, 


Let one ofthe three ſides given be the baſe, but rather 
the greater (ide, that the perpendicular miy fall within the 
eriangle ;:1cn gather the tumme, ad the difference of The 
two other ſides, and the proportiva will hoid, 


As the baſe of the triangle, 
1s to the ſumme ot thic ſides : 

$o the difference of the tides 
toa fourth, which being taken forth of the bale, 
the perpendicular ſha.l fail on middle of the 
remalnd.r. 


As inthe former triangle A DB, whicre thz baſe A B is 
335, the ſumne of the ſides ADa:'d D B 371, andehe dit- 
ference of them 171. It I cx'crd the compalles in the lin. ot 
Numbers from 335 unto 371, Ithall fuidethe fame extent 
to reach from 171 unto 189 4. This tourth number I take 
out ofthe ba'c 335. ©, and the ren aindcr 1S 1.450, the halte 
wheicofis 72. $, and doth ſhcw the diſtance trom A unto 
H, wherc the perpendicular (hall t-Il, from the angle D, up- 
on the baſe A B, dividi g the formcr triangte A D B into 
two rightavgl. triang'es, 1) H Aand DH B, in which the 
anglesn ay be found by the ſecond Prop. ; 

And this may ſuffice forthe r1ght line triangles. But for 
the more calic protration of thc tria"gles , I will {ct 
doyne One propolitio.! Mmorec CONC mmng choras, 


$ Having the ſemidiamiter of acircle, 
to finac the Chords of eucs 
ry Arke, 
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As the fine of the Semiradius of 30 gr. 
to the ſine of halfe the arke propoted 2 

So is the femidramiter of th: circle given, 
to the cho1d of the fame arke. 


As it inthe ; rotraRting the former triangle A D B, it were 
required ro find the length of a chordot 43 gr. 209, agrec- 
iagtothe ſemidiameter A E. which 1s known to be 3 inches, 
The halte of 43 gr. 20.9. is 21 gr. 409m; wheretore I cx» 
tend che compalles trom the (inc of 30 gr. to the fine of zx 


$7.40 7+ and [ findethe ſame extent to reach in the line of 


Numbers trom 3. 000 parts to 2.215 ; which ſhewes, that 
the ſemidiameter being 3 inches, the chord of 43 2r. 20 m". 
will be 2 «#ches and 215 parts of 100. 

In like maner the chord of 58 gr. agreeing to the ſam: ſe 
midiameter, would be found to bez inches and 90g parts. 
For the ha!fe of 58 being 29; if I extend the compaſles 1n the 
line of Sines from 30 gr. to 29 gy. the ſame extent will reach 
inthe line of N«mbers from 3. 000+ unto 2, 909. 

Or 1n crofſe worke, it I cxtend the compaſſes from the 
Sine of 3007.t03. ooo In the line of Aumbers, | ſhall finde 
the ſame cxrcntto reach from 21 gr. 40 to 2, 215 parte, 
andtrom 29 gy. to 2 gog parts, and from 7 gr. 20 2. to 


765. parts; for the chord of 14 gr, 40 m. for the third ;anglc 
ABD. 
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The uſe of the line of verſed Sines, 
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GHAT.: X. 
| The uſe of the tine of verſed Sines, 1 


1 
| '- His line of ver/e4 Ssgnes is no necſlary line. For all trian- 's 
5 gles, both u1ghc lined and ſpherica'l, may oe re(o.ued | 
by the three former lines of Numbers, Sines and Tanzenrs ; 
yet | thought good to pur it on tie Statfe for the more caſie 
findiog of an angle h1ving chree lides, or a lide haviag three 
angles ot a ſptiericalltriangle givea, 

Suppoſe the three ſides to be, one of them 100 gy. the 0+ 
ther 78 gr. and the third 38 gr. 30 mn. and let it be required 
to find the angle, whole baſe 18 110 gr, 

I firſt adde them together, and from halfe the ſutnme ſub 
trac the baſe, noting the difference atter this maner, 


4 
' 


The baſe 110 gr.0 ML, 
The one {ide - 
The othcr ſide 38 50 
The ſumme of all three 226 30 
The halfe tumme 13 is 
The diftercnce $ BY 


For ſo the proportion will holde, 


x Asthe Radius the Sine of the one ſide. | 
So the Sine of the other Side tothe fourth Sac. 


2 As this fourth Sine to the Sine of the halfe Summe 
$o the Sine of the difference coa feventh Sings 


3 The meane proportio all berweene this ſeventh fine 
and the Radivs will (h.y the ſi.uc of the complement of halfe 
the angle req ireg, 


Fe 3 This 


v8 The uſe of the line of werſed Sines, 


This done, I come to the St. ffe,ard extend the compaſſes 


frem the te o! go gx. to the fine of 78 gr. which 1s out of 


th (ics; a1 d apply wg this ex ent tron: the inc of the other 
fide 38 pr. 309, Ihud tion achioa fourth fine, about 37 
£7. 30 ms, Ficm this fourth ſtu of 37 gr. 30 2%. Iexterdthe 
con palſcs againe, toth 6 fnic of the | ate furnne 113 gr. 15 
7, (whichisall owe with the fine of 66 or. 45 18.) aiid this 
{ccond cxrent will rcach from the fine of the diftercncc 3 gr. 
15 1,70 che fine of 4 fre 54 7. 

Then io finde the mear © proportiorall ſine betweene this 
ſeventh ſine of 4 gr. 54 7. and the fine cf go gr, I might 
divide the ſpace betweeac them into two cquall patts. ard fo 
I ſhould finve the compaſi<s to ſtay at 17 gr. whoſe com- 
plement 1s 7 3 gr. and the double of 73 gr.1s 146 27. the an- 
gle oppoſite to 110 gr. which was required, 

But becaſe this diviſion is ſomewhat troubleſome I have 
therefore added this line of ver/ed Simes that having found the 
ſcucnth Sine you m1ght looke over againſt it and there tinde 
the angle. And ſo in this exam; le having found the ſeventh 
line to be 4 gr. 54. m7. ovcr againft this ſine you ſhall fnde 
146 gr.inthe line of ver/ed Sines for the angle required as 


bc fore. 
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SECOND BOOKE *}-.: 


Cf the uſe of the former lines of | * 1} 
proportion more particularly ex > 

» oj . " 5 2 | TI'S 
emplified m ſeveral kynd. | fl © 


Te former Booke containing the 
gencrail ule of each inc of propor- 
tion, may bee fihciene for all —+ 

thoie which xnow the rule of Three, and | 1 

the doAtrine of triat72!cs, | 
ha 
| 


But for others, 1 ſuppoſe ir would-be- | 7! | | 
-norc difficult to tinde either the decli- | þ !! | 
ration of the Sunne, or his ampli:uce, | Fi 
or the like, by that which ha:h beene | ! 
ſaid in the uſe of the tine of Simmer , j*ji\>> |} | 
21 elle they-may haue the particular pro- | Ti 
portions, by which tuch propcfitions | | 
areto be wrough! . | [i 

And theretore for their ſ:kes I have | | 
aGzoyned this ſecond booke, containing | | 
fevcrall proportions for propoſitions of * 
ordinary ufc, and fect them downs in | ; 
fach order, that t!!e Rader conlidring | 
which is the firſt of the three numbers | 

| 


gwen, may eaſily apply them to the 
Settor, and allo refolus them by Arith- | 
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CHAP. I, 
T be uſe of the line of Numbers in broade 


meaſure , Such as boord, glaſfe | 


and the like. 


T7 ordinary meaſure for bredth and length are feete and 
inches, cach toote divid:d into 12 inches, and cucry 
inch into halues and quarters, which being parts of ſc- 
verall denominations, doth breed much trouble both in A- 
rithmeticke and the uſe of inſtuments. 

For the auoiding whereof, where I may prevaile I give 
this couſcll, that ſuch as are delighted in meaſure would uſe 
ſcueral lines, firſt a linc of ihchmeafure, wherin cuery inch may 
be divided into 10 or 1co parts; ſecondiy a line of foot mea» 
ſure, whereinevery foote may be divided into 100 or 1000 
parrs, both which lines may be ſet onthe ſame {ide of a two 
toote uler, after this or the like manner. 
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Then if they be to give the content of any ſuperticies or 
folid in inches, they may meaſure the ſides of ir by theline 
of inches and parts of inches ; but if they be to give the cons 
tent in fecte,it would be more cafic for them to mcaſure 
thoſe ſides by the foote line and his parts. 

For example,let the length of a plane be 3o inches, andthe 
bredth 21 inches and -* ot an inch ; this length multiplied 
into the bredch , would| give the content to bee _ 

inches; 


—— SY w. 


_ 4 ge © Fs. << : 


«5 _ 


in broad meaſure. 4.1 


inches: bur if I were to findethe content of the ſame plane in 
feet, | wou!d meaſure the ſides of it by the foore line and his 
parts ſo the length would proue to bee 2 fecte /*-, and the 
bredth 1 foote #-, andthe length multiplied by the bredth, 
cutting off the 'oure lalt 6gures, tor the foure figures of the 
parts, would give content to bee 4- 5009, which is 4 foote 
and 5ocoparts of a foote, divided into 10000 parts. 


21.6 2. 50 
30.0 1. 89 
648. 00 20000 
250 k 
4+ 5000 


wy 


" Thelike reaſon holdeth for yards and clnes, and all ocher 
mcaſures divided irito 10, 100, or 1000 parts, 

This being preſuppoſed, the worke will be more cafic both 
by Arichmeticke and che line of Alwmbers,as may appeare by 
theſc propoſitions 


1 Having the bredth and lenzth of au cblong ſuper- 
ficies given in inchemeaſure, to finde 
the content in inches. 


As 1 inch unto the bredth in inches. 
So the length in inches unto the content in inches, 


_ Suppoſe intheplane A DSrbeoh eACtobe 30 vchey 
- al 
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andth2 length A B to be 183 inches ; extend the compaſſes 
from 1 unto 30, the ſame extent will reach from 183 unte 
5490 ; orextend them from 1 unto 183, the ſame extenc will 
reach from 30 unto 5490. So both wayes the content requi- 
rcd is found to be 5499 inches. 

As 1unto 3o : ſoare 18; unto 5490. 


2 Hawinethe breadth ana length of ay obloy7 (n- 
perficies giveninanches, ts finde the ; 
contert in feele. b 


As 14, inches vnto the breadth in inches: | 
So che length i iaches unto the content 1n feet. 
And thus i the former plane A D,working as be:ore, the 
content will de found to bee 38. 125, which 1s 33 toote and 
xz of afoote. 


As 144 unto 30: ſoare a$3 unto 38.125, 


3 Having the length and breadth of any oblong (wper- 
ficaes given in foote meaſure, 10 finde 
the coment in fect. 


As 1 footeunto the bredth in foote meaſure : 
Sothelength infeere unto the contenc in f cc? 

And thus in the former plane A D, the bredch will be 2 
feete 50 parts, and the lengt 15 foote 2 5 parts; then working 
as before, th: content will be Found to b+ 38. 125. 

AS1 unto 2.50: ſoare 15. 25 unto 38. 125. 


4 Having the bredth of any oblong ſuperficies given 
in inches and the lenzth in foote meaſure, to 
f:4 the content in feet, 


As 121"ches tothe br.dth in inches: 
So the leogth in feete to the goutenr in feet, | 
| 3o 


in broad meaſure. 48 


So alſo in the former plane, the content will be found to 
be38.125, 
Asthe 12 unto 30; ſoare 15. 25 unto 38. 125, 


5 Hawing the brcadth of an oblong ſuper ficies gives 
in inches, ts finde the lereth of a foot ſuptr- 
ficiall in inch meaſure, 


j As the bread'hinurc%es, unto 144 inches : 
- So't fooie vntor! elengih in inch incalure, 
So the bredth being 30 inches, the length of a foote will 
be fourd to be 4 cies 80 parts, the length of two tect 9 
inchcs 60 patts, 
As 30 vinto 144 : foare 1 unto 4. $0, 


6 Having the breadth of an obienz ſuper ficies erve? 
in feet, to find ti elength of a foore ſuper- 
fe. tall it foot meaſure. 


i As the bredth in foote mcaſure to 1 foote : 
F So the nu : ber cf ject tothe length in foot meaſure. 

So the bre-d. h being 2 foote 50 parts,the length of a foot 
will be found to be 4o parts,the length of 2 feet $o parts,aud 
the length of 3 fecte 2 foot 20 parts, &c, : 

As 250 unto: foarc lumo 0.40, 


7 Having theleneth and breadth of an oblorg ſuperficies, 
to finde the ſide of a ſqare equAll ts the oblong. 


& Divide the ſpace betw: enethe length and the bredth into 
ewoequall perts,and the foote of the compaſſes will ſtay at 
the fide of the ſquare, 

Sothe length being 183 inches, aud the bredch 30 inches, 
the ſide of the ſquare wii be found to bc almoſt 74 inches and 
10 parts of x00, 


Ff2 Or 
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Or the bredth being 2: foote and 5e parts, the hg 


foote and 25 parts,the ſide of the ſquare will be found to be 
about 6 feet and 17 parts» 


As 30 unto 74. 10. ſoare 74. 10 unto 183, 027. 
And as 2. 50 unto 6.174: ſoare 6, 174 unto 15. 247» 


s Havins the diameter of a circle, to find the ſide 
of a ſquare equall to that circle, 


As 10000 to the diameter?! 
So 8862 unto the lide of the ſquare. 
So the diameter of a circle being x5 inches, the ſide of the 
ſquare will be found about 13 = and 29 parts. 
As 10co0 unto 8862 ; foarc 15 unto 13. 29, 


9 Having the circumference of a circle to finde 
the ſide of a ſquare equall to the 


ſame circle, 


A$ 10000 to the circumference - 
So 2821 tothe ſide of the ſquare. 
So the circumference of a circle being 47 inches 2; parts, 
the ſide ef the ſquare will beabout 1 3 inches 29 parts. 
As 10000 unto 2821 : ſo arc 47. 13 unto 1329, 


10 Having the diameter of a circle, to finde 
the circumference. 


11 Having the circumference of 4 circle, to 
finde the diameter. 


As 1000 to the dizmeter : 
So 3142 to the circumference, 


inland meaſure. 45 
So the diameter being 15 inches,the circumference will be 


| found abcur 47 inches 13 parts:or the circumference being 
47+ 13, thediameter will be 15, 
CHAP. II. 


The uſe of the line of Numbers in the mea- 
ſure of landby pearch and acres. 


1 Having the breath an1 length of an oblong (u- 
per fices, given in perches, to finde the 


content in pers hes. 


As 1 perchto the bredth in perches : | 
So the length in perchcs to the content in perches. 


So in the former plane AD, ifthe bredth A C be 3o per- 
ches,and the length A B 183 perches, the content will be 


found to be 5 490 perches. 


2 Having the length and breadth of an oblong ſ#- 
perfictes given in perches, to finae the con» 
tens 18 Acres. 


As 160 tothe bredth in perches : : 
So the length in perches to the content in acres. 


So in the former plane A D, the content will be found to 
be 34 acres,and 31 centeſms or parts of an 100. 
As 160 unto 30:ſo are 183 unto 34. 3s 


To augment a ſuperficies in a proportion 
To diminiſh a ſuperficics in - roportion given; 


- 
—auC@_— 


x 46 The uſe of the line of Numbers 
bil . 3 Having the length and bredth of an oblong ſuperficies 


given in chaines,to finae the content in acres, 


Py; It being troubleſome to divice the content in peiches by 

10 160, we may meaſure the length and br: ad:h by chaines,cach 

i chaine being 4 perches in length and divided 11:to 100 linkes, 
| then will the worke be more ealie 1n Arithmetiqu:. For 


As 1oto the bredth in chaines : | 
So the length in chaines to content tn acres. y 


And thus in the former plane A D, the breadth A C will 
be 7 chaines 5o linkes , and the length A B 45 chaines 75 
links; then working as before, the content will bee found as 
betore, 34 acres 31 part. 


4 Having the perpendicular and baſe of a iriangle given 
1m perches, to find the coment in acres, 


> 


If the perpendicular goe for the bredth, and the baſe for ; 
the length,the triangle will be the halfe of the oblong, as the | 
o_—_ CE Dis thc halfe of the oblong A D,whole content 

was found in the former Prep. Or wichout halting, s 


As 320 to the perpendicular : 
So the baſe to the content in acres. 


So in the triangle C ED, the perpendicular being 3o, and 
the baſe 183, the content will be found to be about 17 acres 


and Is Parts. 


s H aving the perpendicular and baſe of 4 triavelce gt- 
ven in chaimes to find the content in acres, 


| ; As20to the perpendicular : 
iff So the bale tothe content in acres; 


in land meaſure. 47 
And ſo thetriangle C E D, the perpendicular ZE F being 


7.50, and the baſe C D 45+ 75, the content will be found as 
before to be about 17 acres lt 5 parts, 


"4A 
oy 9 43, 


w —_—_ F 


6 Having the content of a ſuperſicies after one kind 
of perch , to finae the content of the ſame ſu- 
perfictes accoraing to anoiher kind 
of prarch, 


C, $a” 
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As the length of the ſecond perch 
to the length of the firſt perch ; 
So the content in acres toa fourth number; 
and that feurth to the content in acres required, 
'Þ ! 
f Suppoſe the plane A D meaſured with a chaine of 66 feete, 
or with a pearchot 16 feete and an halte, contained 34 acres 
31 parts; and it were demanded how many acres it would 
containe it it were meaſured with a chaineof 18 foot to the 
perch : theſe kind of propoſitions are wrought by the back- 
ward rule of three, after a duplicated” proportion, Where» 
forc I extend the compaſſcs from 16. 5 unto 18. o, and the 
ſame extent doth reach backward, firſt from 34. 31 to 31 45, 


and then from z1. 45 to 23, $4, which ſhewes the content to 
be 28 acres $4 parts. 


7 Having the p/ot of a plaine with the content in 
acres, to finde the ſcale by which it 
WwAs plonted, 


Suppoſe the plane, A D contained 34 acres 31 centeſines ; 
if I ſhould meaſureit witha ſcale of 20 1n the inch,the Icngeh 
A B would be 38 chaines and ab ut 13 centeſmes, and the 
bredth 4 C 6 chaines and 25 centeſmes ; and che content 
would be found by the third Prop. of this Chapter, to be a- 
bout, 23 acces 82 parts, whcras it ſhould be 34 acres 31 parts. 

Where- 
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Wherefore I divide the diſtance betweene 23. 82, ard 34; 
31, upon the line ct »nmbers into Wo equall parts ; then fet= 
ting one foote of the compaſles upon 10, my ſyppo'cd ſcale, 
I find the other to extend to 12, Which is the {cale rc qui= 
iced» 


$8 Having tbe length of the furlone to finde 
the breadth of the acre. 


Asthe length in perches to 160. 
So 21 acreto the bredth inperches. 


So the length of che furlong being 46 perches, the bred:h 
of an acre will be found to be 4 perches. Ifthe length be 5© 
the bredth for one acre muſt be 3, 20. the bredth for two 
acres 6, 40. 

Or ifthe length be mcaſured by chaines, 


As the length in Chaines unto ro 
So I acre to his bredth in chaine mcaſure. 


So the length of the furlong being 12 Chaines 50 Linkee, 
the bredrh for one acre will bee found to be 80 Links, the 
bredth fer two acres 1 Chaine 60 Links. 

AS12.50 unto 10: fo 1 unto 0.80. 
Or if the length be meaſured by teer meaſure: 


As the length in feeteunto 43560, _ 
So 1 acre to his bredth in foot meaſure, 


Sothe leagth of the furlong being 792 feet, the breadth 
for oncacre will be found to be 55 fect, the bredth for to 


Acres 110 feer, 


CHAP. 


in ſquared ſolids. 


CHAP. III, 
Thenſe of the line of Numbers in ſolid 


meaſ tre, ſuch as ſtone, timber, 
ani the lke. 


1 Having the ſide of a ſqare equall to the baſe 
#f any ſolid given in inch meaſure ts find 
the length of « foot ſolid in 
anch meaſure, 


He fide of a ſquare equall to the baſe of a ſolid, may bee 

found by dividing the ſpace betweene the length and 
bredth into two «quall parts,as in ihe 7 Prop. of broad mea- 
ſurc. Then 


A: the ſide of the ſquare in inches to 41. 57 : 
So is 1 footeto a fourth number ; 
and that fourth to the length in inches. 


Soin the ſolide H, the ſide of the ſquare equall to the 
bate E C, being about 25 inch: s 45 parts, the length of a foot 
ſolid will be foundabout 2 inches 67 parts,and the length of 
two foot ſolid 5 inches 33 parts. 


AS 25.45 vnto4157:fo 1.counto I, 63: 


'and ſoare 8, 63 unto 2, 67. * | 
Ge 2 Ha. 
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2 Having the ſide of a ſquare equall to the b:ſe of any ſe> 
lid givenin favte meaſure, to find the lenzth 


% of a foot ſolid in foot meaſure, 


i 
5 As the ſide of the ſquare in feet unto 1 : 
S015 I unto a fourth number ; 
Andthat fourth to the length in foot meaſure. 


+: So inthe folid e£ H, the fide of the ſquare equall co the 
161 baſc E C, being about 2 foote 120 parts, the lengeh of a foot 
Fete; ſolid will be fo..nd about 222 parts of a foote, 


. As 2.120 uo b 000: {© t« 090 VINO Or 47! : 
| and ſo are 471 unto 222, 


3 Having the breath and depth of a ſquared (olid gi- | 
ven in foot meaſure, to finde the length of a 8 


foot ſolid in foote meaſure. | 


As 1 unto the bredth in foore meaſure ! 
So the depth in feet 1o a fourth number ; 
which is the content of the baſe in foot meaſure. The | 


As this fourth number unto 1 : 
So 1- unto the length in toote meaſure, 


Soin the ſolid A 7, the bredth being 2 foote 50 parts,the 
depth 1 foot 80 parts, the content of the baſ. E C will b.e 
found 4 foote 5oparts,and the length of one foot ſolid abou: 
222 parts, the length of two foot ſolid about 444 parts 
of 1000, 


Lt. Hi 


0 
1 As 1. oo unto 2.50: foarc ti, $0unto 4. 50. 
£4 AS 4,40 unto 1, 06:10 1. 000 unto ©. 222. 
AT 4 Ha. 


in ſquared ſolids, 


4 Having the breath and _ of a ſquared ſolid gin 
e 


wen in inches , to finde the length of a foot 
ſolid im inch meaſure +, 
: ' 
| lt 


As 1 hath to the breadth in inches : 
So the depth in inches to a fourth number; 


Which is the content of the baſe in inches, Then + 

| a 4 

As this fourth number unto 1728 : i 

So 1 unto thelength of a toor in inch meaſure. £48 

j 'TY: 

| So inthe folid A H, the breadth A Cvcing 30 inches, and : i 

7 che depth A E 21 inch $60 parts,the cout.nt of che oa'c EC 4 

[ will be found to be 648 inches,and the length of a forte fo- i” 

| lid about 2 inches 67 parts, the length of a toor tolid 5 inches 3:1 

F 3J3 parts, «. 

| A« Tunto 21, 6:10 3ounto 648; Jew 

| As 648 unto 1728 ; ſo 1 uatoz 667. "= 
. Or as12to the bredth in inches; 


So the depth ininches to a fourth number: 


As this fonrch number to 1 44 ; 
So 1 untothe length ofa foote ſolid in inch meaſure. 


q So in the ſolid A H,the breadth being 30 inches,the depth 
þ 21 inches 6 pm fourth number will be found to be 54, 
and the depth o foote ſolid 2 inches 67 parts. 


AS12unto 21, 6z ſo 3o0unto 54. 7 
As 54 unto 144; fo I unco 2.667: 4 


Gg 2 


$2 The ufc of the line of Numbers 
s Having the ſide of 2 ſquare equail :0 the baſe of any ſol;a, > 


by: «1d the length thereof grven in inch meaſure, 
wy f to find the content thereof in feet. 


As 41. 57 tothe fide of the ſquare in inches: 
So the length 1n inches to a tourth number ; 
and that fourth ro the content in foot meaſure. 


i So in the ſolid A H, the length A being 183 inches, and 
[vt] the ſide of the ſquare equall to the baſe E C about 25 inches 

| 45 parts, the fourth number will be found abour 1 12, and the 
whole ſolid content about 68 feet 62 parts, 


£ AS4t. 57 unto 25.45: ſo183 unto 112; 
aud fo arc 112 unto 68. 62, 


6 Having the ſide of a ſquare equallto the baſe of ary (0- 
lid, and the length thereof grven infeot meaſure, 
to find the content thereof in feet. 


As x to the fide of el;c ſquare in foot meaſure 3 
So the m in fect to a fourth number ; 
and that fourth to the content in foot mcaſure. 


So in the former ſolid A F, the ſide ofthe ſquare equal! to 
tac baſe A E,bcing about 2 foot 12 parts and che length .4 B 
15 foot 25 parts, the content will be found to bee about 68 
foot 62 parts. 


AsTunto2.12 $ſo 15. 25 umo 32, 25! 
aud fo are 32435 unto 68.62, 
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in ſquared ſolide, $3 


7 Having the ſide of a ſquare equall tothe baſt of any 
ſolid given 1n inch meaſure, andthe lenoth of 
the ſolid given in foote meaſure, to fin! 
the content thereof an feet, 


As 12 tothe fide of the ſquare given In inches; 
So the length 1n fect to a tourth number ; 
and that fourth to the content in toot meaſure, 


So inthe former ſolid A H, the fide of the equall ſquare 
being 2s inches 45 parts, the content iil be tourid to ber A» 
bout 68 tect 62 parts. 


AS12 unto 25.45: ſo 15.25 unto 32.35! 
and fo are 32.35 vnto 68. 62, 


$ Having th: length, breath and depth of 1 ſquares 
ſolid oiven in inches, to fiad the content 
in inihes. 


As 1 unto the bredth in inches: 
So the depth ininches unto the bale 33 inches, Then 


As x unto the baſe: | 
So the length in inches unto the ſolid conceat in inches! 


So in the (olid A H, ». hoſe bredth A Cis 30 inches, the 
depth A E 21 inches and 6 parts of 10,and length A B 183, 
the conten: ofthe baſe E (will be found 648 inches and the 
whole ſolid content about 1 18500 inches. 


As 1 unto 21. 6:ſoarc 30 unto 648 2 
AS1 unto 648; ſoarc 183 to 118584, 
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o Having the length, bredth and depth of « ſqu4- 
red ſolid given in inches, to finde the © 
content in feete. 


As1 to the bredth in inches. 
So the depth in inches ro the baſc in inches, 


As 17928 to that baſc : | 
So the length in inches to the content in feet, 


Soin the ſolid eF H, thecontent will be found to be about 
68 fcere 62 parts, 


As1unto 21.6:ſo 3o unto 648 : 
As 17:8 unto 648; lo 183 to 68, 62. 


Oras 12 to the bredth in inches ! 
So thedepth in inches to a fourth number. 


As 144 to that fourth number 2 
So the length in inches to the content in feer, 


And ſo alſo in the ſame ſolid AH, the content will bec 
found to be abouc 68 fect 62 parts. 


As 13 unto 21.6; ſo3ounto 54: 
As 144 unto 54 ſo 183 unto 68. 62. 


ws 
Io Heving the length, bredth and depth of 4 
ſquared ſolid given in foot meaſure, 
to finde the coment © 
mn fecre, 


As1 unto the bredth in foote meaſure; 


$o 


So the depth in feet to the baſe in feet. 


As 1 unto that baſe? 
So the length in feet tothe content in feets 


And thus in the former ſolid 4 H, the bredch 4 C will be 
2 foot 50 partsgthe depth A E 1 foot 8o parts, and the length 
AZ 15 toot 25 parts 5 then working as before, the content 
of the baſe A F will be found 4 feet 5o parts, and the whole 
tol1d content about 68 foot 62 parts, whch of all others may 
acty calily be tried by Arithmetique. 


As t unto 2,50: ſo1,8ounto 4. 50, 
As 1 unto 4- 50 ; ſo 15. 25.unto 68. 625. 


11 Having the breath and depth of a ſquared ſ0- 
lid aiven in inches, and the length in 
foot meaſare, ts find the content 
thereof in feet, 


As 1 vio the bredth in inches; 
So the depth in inches unto a fourth number : 
which is the coatent of the bale in inches. 


As$ 144 hath unto that fourth number : 
So the length in feettothe content in feet. 


And fo in the ſame ſolid A H, the content will be found 
to be about 68 feet 62 parts. 


As1unto 21. 6:ſo 3o unto 645. 
A$S144 vilto 15,25. 10 648, unto 68, 634 


1 Oras 144 unto the bredth in inches: 


Sothe depth in inches anto a fourth number « 
whick 
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56 Theuſeof the line of Numbers 
which is the content.of the baſc in fect. 


wy As 1 bath unto that fourth number : 

Tet. So the length in feet to the coutent in feet. 

bal 

| | | And fo in the fame ſolid A H, the content will be found to 


be about 68 tcert 62 parts. 


As144unto 21.6 : ſo ;zounto4.50. 7 
ASlunto 4-50; 10 1g. 25 untv GB. 62, | 


Or as12 unto the bredth in inch:s : 
So the depthin inches unto a fourth guraber. 


As 12 unto this fourth number: 
So the length in te<t to the content in feer, 


And ſo alfo inthe ſame ſolid A H, the content will bee 
found to be about 68 fect 62: parts. | 


As12 unto 21. 6 :ſo30 unto 54. 
AS 12 vnto $4310 15. 25 unto 68, 62. 


All theſe varieties ( and ſuch like not here mentioned) doe 
follow upon making of the baſe of the ſolidzto be E C there 
would be as many more if any ſhall begin with the baſe E H, 
and ſo likewiſe it chey make the baſe zo be F D. 


I2 Ha- 


12 Having the diametty of a Cylinaty given in 
inch meaſure,to find the length ofa foot 
ſold m inches, 


As the diamcter in inches unto 46.90 : 
So 1ST anto a fourth number ; 
X and chat fouith to the length in inches, 


| So the diameter of a Cylinder being 15 inch- — 
; es,the tourth numb« r will be about 3.12,and the =: 
lengthof a fuote lolid 9inches 78 parts. f 


As 15untog6.90:for vnto 3. 127: 
and ſoarc 3.127 unto 9, 778. 


13 Having the diameter of a Cylinder gi- 
Ven in foote meaſure to finde the length 
of a foote ſolid in foote 


meaſure, 


As the diameter in feet unto 1. 128 : 
Sois 1 unto a fourth number ; 

and that fuurch ro the length in foote j& 
mecealurc, 


Sothe diameter being 1 foote 25 parts, the 
length of a foot tolid will be found about S. 14 parts of x000. 


As 1. 25 unto 1.128:for, oo too, goty : 
and o are 9027 unto $148, 


H h 


* inthe meaſure of Cylinders '$7 


+44 . 


a *.t dot "2%. © oe 
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14 Having the circumference of a Cylinier 71ven 
in inches, ro ſinderheleng'h of a foot ſaicd 
in wh meafure, 


Asthe cir -umferenc. in inches '0 147436 : 


Ta So 15.1 toa fourth rumbver ; | 

ad that fourth to the length in inches, 

{ 4 . » 
1 PR $o the circumference being 47 inches 2 3 prts, the lcyztl ; 
' FM. of a foote ſolid will b: found about 9 inches 73 parts. 

wt. 
"uh As47-13 unto 147. 36: ſo 1. coto 3.13. 
- andio arc 3. 23 unt6g. 70. 
7 k ; 1s Havirg thecircumfererce of a Cylin% 090 118 
43+: foot mecſure, tefirdethe lenoth of a {cot 
Sh. ſolid in fogte meaſure, 
$f f 
ki 3 Asthe circumfcrence in feete to 3. 545 : 
4 j i # SO1S I to a fourth number ; 
L480; PH and that fourth to tlie icngrh in foote meal. rc, 
FLY” 
| 1137 bb So the circumference being 3 foot 927 parts, the leng:h ct 
$48 a foot ſolid will be found to be about 815 parts, 
+ 
4ſt! As 3.927 unto 3, 545: ſo1, ocou to 0449.3 : 
F arul ſo arc 903 unto G1 5. 
«+: 1 : : « 
1 | 16 Having the ſide of a ſquare equillto the baſe ef 4 | 
1.1 | Cyltnaer, ts findethelenath of a foot ſolid, 
17 
auf 
[ vw The fide of a {quare equal! to the circle, may bee found by 
i "2 the eighth Prop, of broad mexſurc, and then this Prop. may 
mY bs wrought by the firſt and the ſecond Prop. ot ſolid meaſure, 
Mrepe) 17 Ha. 
& F 


in the meaſure of Cylinders, 59 


17 Having the diameter of a Cylinder, and the 
lenzth given in inches, to finde the con- 
tent in inches, + 


As1.128 unto the diameter m inches: 1 
So the leiigth in inches a to 17th number ; 
aud that tourth number to the cou cut 11 inches. 


So the diameter being 15 inches, and the leng?!: 105, n 
the co'tent of the Cyii:der will bee touud to bit a» $ 
bout 18560 inches. 


As1.12%4 untols :ſoarcliog unto 1395. 87: 
and ſo arc 1395+ $7 unto 18555. 3.44 


18 Having the diameter ard lergth of a Cylinder in foote 
meaſure, to finde the coment in fete. 


AsS!.123 tothe dameter in feet x : 
So th- length 11 feerto a fourth number ; I: 
a'.d that tuurthto the cont. nt 1n feet, q: 


So the diameter being 1 foote 25 parts, and the leng:h 8 
foor and 7; par's, the comet of the Cylinder wii 1 bee 
found abuur io toute 74 parts. 


As1.122 nito r. 25: fo8. 75 unto9. 69: 'bp 
and lo rc 9. 6g unto 1G. 73 7. 4 


19 Having the diameter of a Cylindor and tre moth 
giv inanchcs, to find the coment in tots, 


As 46. 90 to th. diimeter in inc! es: 3+ 
So the length in inches to 1 fourch numbcr - ] 
and that fourth to the content in tegt, 
: Hnz 
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So the diameter being 15 inches, and the length ro, the 
content will be fouud about 10 tcore 74 parts. 


As46. 906 ur'o r5 :folog unto 33,58: 
a:idfoarc 33. Sumo 10.737. 


20 Having the diameter of a Cylinder given in inch- 
es and tie length in feete, to find the content 
mn feae, 


As 3- 54 the diam ter in inches 2 
So the length 11 tcetc troa fourthnumber ; 
and that fourth tothe content in teere, 


So the diameter being 15 inches,and the length 8 foote 75 
parts, the content will be tound about 10 foot 74 parts: 


AS 13.54 unto Is: fo8, 75 untog. 69: 
and ſo arc 9, 69 unto 10. 74. 


21 Having ihe circumference and length of a Cylinder 
erven ininches10 fina the content in inches. 


As 3.545 to thecircumference in inches : 
Sc the length 1n inches to a fourth number ; 
and that fourth to the contcat in inches. 


So thecircumference being 47 inches 13 parts, 2nd the 
length 105 uiciics, the content will bee found about 185 60 
mches, 


As 3. 545 unto47. 13: ſo log unio 1396: 
and ſoare 1396 unto 18555, 


22 Hee 


p 3 L 
A482 - 


in the meaſure of Cylinders. 61 


223 Htving tre Cireninſerence and lex2th of 4 cylinder 
erven if inches, tc fizd the content in feet, 


As147.36 tothe circumfe: rence i1 inches 2 
So the lengrh Nm rvickestoa furth number ; 
and that fourth to the contenc in teets 


. . X ® 
So the circumference b ing 47 inches 13 parts, ardthe 
length 105 inches,the contour will bee tvund about 10 ftoote 
74 Parts. 


AS 147. 36 unto 47.13: ſo logunto 33.58; 
and ſoarc 3 3. 5$ uato 1c. 74. 


23 Having the circumference and length of a Cylinder 
grven in foete meaſure, to find the con- 
Ient 17 feete. 


As the 3. 5.45 to the circumference 1n fect? 
So the length in tect roa fourth numer ; 
and that fourth to the content 1n tcer, 


So the circumference being 3 foote 927 parts, and the 
tergth 8 foot 75 parts,th: coment will be fou:d to be 10 foot 
74+ Parts, 


AS 3+ F45 UNto Je. 92 o:\08, 75 UNtO 9. 69, 
and {0 are 9.69 unto 10. 74, 


2+ Having thecircumference of a Cylinder givenin 
inches and the length in foot meaſure, to find 


the content 1n fecte. 
Hh3 AY 


63 in gauging of veſſels« 


As 42. 54 to the circumference in inches ; 
$0 the length in feet to « fourth number ; 
aud .har tourthto the content in feet, 


So the circumference being 47 inches 13 parts, and the 
length 8 fooe 75 parts,the conteur will bee tound as betore, 
bo tout 7.4 parts. 


® 
AS 42. 54unto 47. 13 :ſo8. 75 unto 9.69; 
and loare g. 69 uito 10. 74+ 


—_—— 


CHEAP. III, 


The uſe f the line of Numbers in 2auge- 
ins of veſcell. 


He veſſels which are here meaſured are ſuppoſed to be 

Cylinders, or reduced unto cy ders, by taking te mean 
berwecne the diameter at the hcad aud the diam-ter at the 
bongue, atter the viual! maier, 


1 Hazing the diameter and the length of a veſſel! 
with the content theresf, to finde 
the gavgr po:nt. 


Extend the compaſſes in the line of Numbers to halfe 
the dilta' ice berweere the coment and the length of te 
v<ſlell, the fame exicut will rcach ti om the diameter to the 
gauge point. 

| pur this propoſition firſt, becauſe thefe kind of meaſures 
are not alike 1n all places. 


Hcre 


= 4 weLL »- ” 
% = 


The uſe ofthe Nine of Numbers ingaugins 653 

Hereat London it is faid that a wine veſlell being 66 inch« 
es inlergth, and 38 inches the diameter, would containe 
224 gallons. which if it be true, we may divide the ſpace 
burweene 324 and 66 intorwo cquall parts , and the middle 
will tall about 146,and the ſame cxtent which reacheth from 
324 to 146, will reach tron the diameter 38unto 17. 15 the 
g2uge point for a gallon of wi: c or oyle after London mea- 
ſare. 

Thelike reaſon holdeth for the like meaſure inall other 
placcs. 
2 Having the meare 4; ameter and the lenoth 

of a vilſ ll, to fircethe 
(63071 


#37 . 


Extend the cempilics trom the g3vge point ta the mexne 
diameter, the fame extent being bung du -l.d,thall gti e the 
diitai.cc from thelevg h tothe contre. 

So the mrane Etameter of a wine vele!l hoing 20 inches, 
and the length 25 inches, the cor en wal be louadto be 34 
galions attcr Londoa mc: atury, 

For ex:end the compail.s fron 17.15. unto 20, the 
ſame extent will reach trom 25 unto 29.15, a:.d from 29, 
I5 INTO 34s 

In l:ke maner it the meane diameter were 16 inches, and 
thelength 23,the content wouid bze tound to bee about 20 
gallons, 

For the ſrre extent which re:cheth backe from T7. IS 
unto 1S, will reach from 2:3 to 21. 45, and from 21. 45 
U:370 20, 

So that if the meanc diamerer iha'l be 17 inches and 15 
certeſmes or parts of 109, the number ot inches inthe length 
of th: veſſceil, will give the 1 umber of inches in the length of 
the veflell, will give the number of gallons contained in the 
ſame veſlell : it the diameter (hall be m-rc or lefſe then 17. 

15;the content in gallons will bee accordingly more or lefle 
thenthe length in ipches, 
3 Has 


- * 7H. 
. i — S » 
— . 
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3 Having the diameter ana content, ts find 
the length, 


Extend the compaſſes from the diameter to the 
gange point , the ſame extent being doubled ſhall give 


ef diſtance from the content to the Ienghth of the 'P 

: veſlcll. 5 
1k [g So the gauge point: ſtanding as before, if the diame- 
js cer bee 38 inches , and the content 324 gallons wine * 
8 mca\ure , the length of the veſſels will bec found about 66 * 

| inches. 
F 
JH. 4 Hauing the length of 4 weſſell and the 
iN! content , to finde the 

diameter, 


Extend the compaſſes to halfe th- diſtance betweene the 
length and che content, the fame extent ſhall rcach trom 
the gauge point to the diameter. 

So the length b-ing 66 inches, and the content 324 
gallons wine mcaſure, the gauge point ſtanding as before, 
the diameter of the veſicil well bee found ro be about 38 
Inches. 


4 SA = £IT >f < ST 
[ Lt A. þ FF. < "> 88. Mg; KY DAE, _ 


«3G 
S- A Be m—— if 
-—_' Te by v4 Me : ” - 


The uſe of the lines in CA Fronomie. 65 


ee 
—— 


CHAP. V. 


(ontaining ſuch Aſtron:micall propoſitions as 
are of ordinary uſe in the prattiſe 
of Nawigaiion. 4 


1 To finde the altitude of the Sanne by the ſhadowes 
of a emomon ſet perpendicular to 
tothe horizon. 


As the parts of the ſhadow 
arc to the parts of the gnomon : 


So the tangent of 45 gr. 
to the rangent of thealtitude. 


Extend the compaſlſcs in the line of Numbers, from the 
parts of the ſhadow to the parts of the gnomon; the ſame 
extent will givethe diſtance from the Tangent of 45 gr. to 
the Tangent of the Sunnes alcirude, 

So the gnomon being 36, and the ſhadow 27, the altitude 
will be found to be 36 gr. 52 mv. Or the gnomon being 27, 
and the ſhadony 36, the alticude will bee found to bee $3 gr. 
8 »s, Or the ſhadow being 20, and the gnomon g,the altitude 
will be found to be 24 gr. 14 #». as in the eighth Prop. of the 
uſe of the Tangent line, Pag, 12. 

Ifthegnomon be 22 and the ſhadow 135 the altitude is 
9gr. 15 m. as I ſhewed before Pag, 24+ 


2 Having the diſtance cf the Sunne, from the next 
equinottiall point, to find his dechnation, 


As the Radius is in proportion 


A> (4 rs = i, 54> of © 


do 


66 Theuſe of the line of Sines and tangents 


£oþ tothe (incof the Sunnes great (t declination ; 
"To So the (31e of the Sunmes diftance from the next equi- 
jy noRtiall point, | 
my to the Hue of the decliration required. 


Extend the compaſles in the line of /ines, from go gr, to 
23 gy, 3o mm. the laine extent will give the diſtance trom the 
Suanes place un o h $4. canation. E 
; So the Suine being .ither in 29 gr. of &, or 1 97. of =, or 4 
drift I gr.of $1, Or 29 gr. 0 it, that 1s ©9 gy. diſtant trom the ncxc 
\ hh £quinoRiall pornt, the declination will be found abone 20 gr, 
if. if the Sunae be ſo neare the equinoA121l point, chat his de- b- 

[7 clination fall io be under 1 £7 16 may be tound by the line = 
_ of nambers. As1t ihe Sunnewereinz gr. 5 m.0t Y, that 1s, 
js 125 2. trom thc cqunodiall point, the former extent of the : 
bs K-4914 compalles from the fine of go gy. to the fine of 23 gr. 30, 

will reach in the line of numbers from 125 unto 50, which 
Aſhcwes the declination to be about 50 ww. 
/ 


« ta 


Jy 


3 Having the latituae of the place, ard the declins 
tion of the Sun, to find the time of th: 
Suns riſing and ſetting. $-— 0 


<< = 
FC = C) Kew 
As the cotangent of the latitude 
to the tangent of the Suns declination : 
So is the Radius 
+, Ao the ſine of the aſcentionall difference betweene the 
Sud n f o7 JA home of 6 andthe time of the Suns riſing or ſetting. 
7 
oF þ 2 ah End the compaſſes from the tangent of the comp!e- 
ment of the latitude, to the tangent of the declination: the 
ſame extent will reach from the finc of go degr. io thefine 
of the aſccntionall difference, 
Or extend the compaſlles from the cotangent of the lati- 
tude to the fine of go gr._the ſame. extent will reach from 


*& , ir 17 , 4 46 _ : ; : 
i $5116: A) AA - - A ma - he 
= GEdAat IE (4 7 "1 


on D * 


* In Aſtronomie. 67 | 
the tangent of the declination, to theifine of the afcentio- Ay $54 = 
rall difference, ; 2) þ 

So the latitude being 51 gr. 30 m. Northward,, and the Fg. Y'# » #1: 22 
declination. 20 g7. the difference of aſcention will be found _ - #-. » Ft 
, X k —— C M 

to be 27 gre 14 mM. which refolycd into houres and mi» > 
nu'es, doth give 2 houre and almolt 49 m. for the diffe- = f Je» {7 2 


rence betweene the Sunnes riſing or ferting, and the houre , — 
of 6, according to the time of the yeare. » Aaat / " "Os 
O-” po TY To 
. 5 , ” a 
4 Having the latitude of the place, and the di flence - OO MN 
of the Sun from the next equinettiall porn, to WV 5 | 
find his ampluude. - IL | 


As the coſine of the latiude 


«TS Q 
to the ſine of the Sunnes greateſt d:clination : - a 
So rhe (ine of the place of the Sun, 3 oy 
to the ſine of the amplitude» '< 
\ < $ 


So the latitude being 51 degree 30 minutes, and the place \ £2. 8 
of the Sunne in 1 degree of ::, that is 59 degrees diſtant \ of 
from the next cquinoQiall pcint , the amplitude will bec = 
found about 33 degrees 20 mm. For extend the compaſles in 2 - 100 
the line of ſines, from 38 degrees 30m. the ſine of the coms *' © hs lf 
plement of the latirude, unto 23 degrees 30 m. the fine of JAS ©» _ A; 
the Sunncs greateſt declination z the ſame extent will reach | 
from 59 degrees unto 33 degr.i20 m. Or extend them from 


-8 degrees 3© min, unto 59 degrees, the lame exrent will > Lala” 

K ph . 3, =. 

reach from 23 gr. 30m. unto 33 gr. 20 #8. as belore. uw 1. £ Je 
5s Having the latitude of the place, and the decli- : 4. 9&8 


nation of the Sun, to find his amplitude. 


As the coſine of the latitude 
15 to the Radius : 
Sothe ſine of the declination, 
tothe ſine of the 6mm y | 
12 CXe 
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wy Extend the compaſſes from the coſine of the latitude to 
” the fine of 90 gr the ſame extent will reach from the ſine of 
the Sunnes declination tothe ſinc of the amplitude. 


bY Or extend them from the tangent of the latitude to the 
4b fine of the declination, the fame extent will reach from the 
WP ſine of go gr. to the ſine of the amplitude. 

1354 


So the latitude being 51 gr. 30 m». and the declination 20 gr. 
the amplitude will be found to bee 33 gr. 20 mw, 


WES / 2. 

f \ 1+, - / 6 Havingthelatitnde of the place, and the declimatio:: 

i FAV - oa of the Sun, te finde the time when the Sun 
=. <> commeth to be due Eaſt 6r Weſt. 

| ; "EF %% 

py \ 4 

= / | AS the tangent of the latitude, = 

(xt , is to the tangent of the decination } 

1% Zi x Le = So the Radius | 

Mt : -+ $4 to the coline of the houre from the meridian: 

| nevrag lhe 


Extend the compaſles from the tangent of the latitude 
q 2 tothe tangent of the declination ; the fame extent will reach 
2 /.< : 5., < fromthe line of go gr. to the line of the complement of the 
7 oy” 21 houre. 

$1187 ar | ' */*  Orextend them from the tangent of the latitude to the 
18-, -- Sos fine of gogr; the ſame extent will reach from the tan- 
_— +, gentofthe declination to the fine of the complement of the 
Wi = f(a, A houres 
Wl : - So the latitude being 51 gr. 30 mw. and the declination 
19 20 gr. the Sunne will bee 73 gr. 10mm: that is 4 hourcs. 
HI. > <<and53 »®. from the meridian, when he com:th to be inthe 
> >= {_C Eaſtor Weſt, 


7 Havingthelatitade of the place , and the decl;- 
ik 0: £ ect nation of the Sunne,to find what altitade the 
44 > EN Sun ſhall have, when he commetrh to be 
—_—  -. c/o "4 due Eaﬀ or We#F. 
IE 27 hrs PEO4-C * 

CV 


ih 


In Aſfironemie. 


As the ſine of the latitude 4 | 
isro the ſine of the declination ; 7, 0 if 2 
So the Radius MX" ..4: 2 
cothe ſine of the altitude * FRE n+ <5. 


Extend the compaſſes in the line of S:i»es from the latitude 
ro the line of the declmnation, the ſame extent will reach from 
: the ſine of go gr. to the ſine of the altitude. 
A Or extend them from the fine of the latitude to the fine of 
þ go gr; the ſame extent will reach from the finc of the dectina- 
tion to the ſine of the altitude. — 
So the latitude being 5 1 gy. 30, m». and the declination 20 —— 
gr. thealtitude will be tound about 25 gr. 55 \ 


<> AS" 


$ Having the latinde of the place, and the declina- b oof : 
tion of the Sunne,ts fiid what altitude <2 | W 
the Sunn ſhall have at the =o. 441 
| ure fr +. pl 
: 4 
As the Radius is in proportion * Fc, £ Sad 
3 ro the line of the Suns declination ; | So 
: So the fine of the laritude. A oY ROS F Ie } 


to the line of the alticude. 


Extend the compaſſes in the line of Sines, from 90 gr. to 
the declination z the ſame extent will reach from the laticude 
to the altiude, 

Orextend them frem 9o gr. to the latitude, the ſame ex-+ 
tent will hold from the declination to the altitude. 

So the latitude being 51 gr. 30 ». and the declination of 
the Sunne 20 gy. the alticude of the Sunne will be fond to be 
about I; gr. 30, 


Ii3 g Fla 


7% The uſe of the lines of Sines and Tangents, PPT: 
EITIEIY -. Gt < 
9 Having the latitude of the place, and the declination 
AP of the Sun, to find what Azimuth the Sux / 8 


ſhall haue at the houre of ſix. 

” 4 2 "> -o 4 i = /t Cx EE *#/, 
As the coſine of the latitude * A: EBJ7 6. PE/ .& 
1s co the Radius : f. Cat: Git A3(Cro | 
: <8 Br 


So the cotangent of the Suns declination, # 


FI. '* 
"a 4 : [{ ot * of the meridian, *Z: decl: ©. H - 
wrTr (/ © | 1 
: 
* 


14 h , . . . 
-= {i ( S* Z«(c> So the latitude being 5127.30. and the declination 26 


i MF /of /CcE 10 Havingthelatitnde of the place, and the declina 
if E PO (fs 11093 of the Sun, and the altituat of the Sun, 
; Ge Ce: XA ; ** © -f8 find the Azimuth, 


£% 
_ 
” 

” 
: 


WA; Tool = 3 : 
| Y Eijrſt conſider the declination of the Sunn , whether it be ; 
1 \ toward the North or the South, 1o have you his diſtance 
T3. /I<{* fromyourpole: thenadde this diſtance, the complement of 

” 4 -.{f his altitude , and the complement cf your latitude, all three 

# O! (47'E= rogether, and from halfe the fumme ſubtract the diſtance 

_ 75” he from the pole, and note the diffe rence, 

"a 1 As the Radius isin proportion / | 

+ * to the coſine of the altirude : WC) ; AY | 
Ih | $o the coſine of the latitude, iy | 
7 £——&— / co a fourth ſine. —_— 
4b ; 2 As this fourth ſine 
BY 1 is tothe (ine of the halfe ſfumme : : 
$0 0 


1 GE, id = TSA (© CE 
MR ' "Oy | fo {ont = a no 


Cade rhe? 


ZThen I extend the compaſles agiine, from this fourth ſine 


in Aftronomie. 


$0 the fine of the difference, 
to a {cventh fine. = 


Then find a mean- proportionall betwedne this ſeventh 
fine aid the Railius , this meane (hill be the fine of the com- 
piement of hate che Azimuth from che North part of the 


meridiate FAS... £ Hd: 

Suppoſe the declination of the Sun being knowne by the 
time of the yeare to be 20 degree s Southward, the alti- I 
tude aboue the horizon found by obſervation 12 degrees, , —Þ 
and the latitude Northwards 5 1 degrees 30 mm, it were re» | / | 
quircd to find the Azimuth. 


The declination is Sourthward, and therefore the diſtance 


from the pole 110 degrees; then turning the altitude and 2 P =(ola 1, 
latitude unto their complements, 1 adde them all three to- — | 


gether , and from haife the ſumme ſubtrakt the diſtance 4 
trom the pole, noting the difference after this maner, SP= rar M 


Declin. Searh 20 gr.o m. The diſtance 110 gr.om, , Toft 
Altitude = © The complement 958 o©« FLO - - P fy 
Latitude N, 52 $30 Thecomplement 38 30. / 2 «.. = if 
| 7 | 
The ſumme of ail three 826 30 SZP ; 
The halte ſumme 113 "5 f k 
The difference 3 i5 | | 
This done, T come to the Staffe, and extend the com- 


paſles from the (ine of go gr. to the line of 78 gr. and find 
he ſame exient to reach trom the tine of 38 gr. 30 7. une g: 
to 37 gr; 30m, Orit I extend them from go gr. to 38 gr. 
30 m. the ſame extent doth reach from 78 gr. unto 37 gr. 
30m, which 1s the fourth ſine required, 


of 37 gr.30muntothe line of the halfe ſumme 113 gr. 15 ba 
that 


7 Theuſe of the line of Sines | 
that is to the ſine of 66 gr. 45 mv. ( for after 90 gr. the fine o F 
$o gr. doth ſtand for a fine of 200 gr. and the fine of 
20 gr. fora line of 110 gr.) and {o the reſt for thoſe 
which are their complements to 180 gr. ) and this ſecond ex- 
tent doth reach from the ſine of the difference 3 gr. 1 5. mu, 
to the ſine of 4 gr. 549, Or if ! extend them from the fourth 
fine of 37 gr. 30m. to the fine of the difference 3 gr. 15 w, 
the fame extent will reach from the fine of the halte ſumme 
113g7, 15 8,unto 4 gr. 54 7. Which 15 the ſeventh ſine re= 
quired. 

Laſtly, I divide the ſpace betweene this ſeventh (ne of 4 gr. 
54 11, and the ſine of go gr. into two equall parts, and I finde 
the meane proportionall ſine to fall on 17 gr. whoſe comple- 
ment is 73 gr ; the double of 73 gr+ is 146 gr. and luchis the 
Azimuth requircd. 

Or having tound the ſeventh fire to be 4 gr. 54 ”». I might 
looke over againſt it, in the line of verſed mes, and there I 
ſhould finde 146 gr. for the azimuth from the North part of 
the meridian na the complement of 146 gr. ro aſlemicir- 
cle being 34 g7- will give the azimuth from the South part 
of the meridian, 

But if it were required to find the azimuth in the ſame lati- 
tude of 5x gr. 30, Northward, with the ſame altitude of 12 
g: and like declinationof zo gr. to the Northward, it would 

found to be onely 72 gr.52 , though the maner of worke 
be the ſame as before, 


Declin- North 20 gr. o mz, The diſtanceis 90 gr, 0m, 
Altitude 12 o Thecomplement 38 o 
Latitud. North 5: 3o Thecomplement 38 30 


— 


The ſummeof allthree 186 30 


The halfe ſumme 93 Is 
T he difference 23 15 


Here as the Radius is co the ſine of 78 77: ſo the ſine of 38 
$7.30 m-; 


' The wſe of the lint of lines in Aﬀronomy. 7} 
gr. 30m. tO the fine of 37g7. 30m. whichis the fourth 
fi. e , nd the ſame as before, 

' Then as this fourth ſine of 37 gr- 30m. is tothe fine of 93 
gr.15 ». {othe ſine of 23 gr-15 .to the ſine of 4o gr, 20 
w, which is the {cventh ſine, 


b T he halfe way betweene this ſeventh fine andithe ſine of 

4 go gr. doth fall at 53 gr. 34 9. whoſe complement is 36 gr. 
4 26 ws, and the double of that is 72 gr. 52 ®. the Azimuch 
| required. 

I Or I ray find this fame Azimuth in the line of verſed 


fines,over againſt the ſeventh (inc of 4o gr. 20 m, 


11 Having the latitude of the place , the declination of 
the Sun, ard the altitude of the Sun, to find 
the honre of the day, 


Adde the complement of the Svnnes altitude, and the 
diſtance of the Surne frem the pole, end the complement of 
ycur latitude, all thice together, and from halfe the ſumme 
ſubtract the cemplen er of the altitude , and note the di- 
ference. 

i As the Radius is in proportion 
to the ſine of the Suns diſtance from the pole 
So the ſine of the complement ot the latitude, 
to a fourth ſine. . 
2 As this fourth ſire 
is to the ſine of the halfe ſumme : 
So the fine of the difference 
toa ſeventh inc. 
The meane proportionall betweene this ſeventh ſine and 


halfe the houre from the meridian. 

I kus in our latitude of 51 gr. 30m. the declination of the 
Sunne being 20 gr. Northward, and the altitude 12 gr. 1 
might find the Sunne to be 95 gy. 52 mv. from the meridian. 


Alticude 


12 gr. 0m, The complement is 78 gr.0 w, 
K k De- 


#'\ 


2P5S = 


the ſine of go gr. will be the fine of the complement of . - 


Fre 2» 


74 Thevſe ofthe lints and Tawgents in Affronomy, 
Declin. North 20 © thedilt. fromthepole 50 o 


Latitude 51 3o thecomvlemeutis 38 30 
The ſumne of all thice 186 30 
The halte ſumme 93 Is 
The dittcrence 15 15 


Hereas the Radins,is to the fine of 70 gr. 
So the fine of 38gr 30m. tothe (1! c of 35 gy. 48m. 
As this fiac of 35 gr. 48. m,15to the li cot 93 £7. 15 9. 
So the fine of 15 gr. 15 m1, to the [i146 of 26 gr. 407, 
The halte way becween this ſeventh fie of 26 gr.qo m,and 
the {inc of go gr. doth fall ar 42 gr. 4 m, who'e conp'cment 13 
47 gr. 5 6 m. and the double of chat, 95 gr. 52 m. which cog- 
ucited into houres, doth give 6 houtcs and almoſt 24 #.trom 
the meridian. 
2 Or | might find theſe 95 gr. 5 2 min the line of verſed ſine, 
=>, ouer agatuſt the 1cucnth ſine of 26 gr. 40 m. 


"; 
* 


I2 Having the azimnth, the Suns altitude, ana the 
Q 2, 


declixation, to find the houre of the aay, 


As the coſine of the declination 
15to the line ofthe azimuth ; 
So the coline of thealtitude 
OL I ian? to the ſine of the hogre. 
{<<A Bang Thus the declinacion being 20 gr. Southward, the altt:de 
72 gr. and the azimuth found by the tenth Propy 146 gr. I 
/ >, A3 might finde the timeto be 35 gr. 36 #.chat is 2 howes 22 ” 
BY | trom the meridiaa, 
9.67 + LE . . 
- - ©13/ Having the houre of the day, the Sunnes altituat. 
and the declination, to find the aF1mwih, 


18 £222 Az” 


S: / 


2 zP5S 
" hc Ls pe 
... Asthe cofine of the altitude 
PRES Je 4 15to the ſine of the houre; 
- FR P, a Ss 
oi; VA o0 
» 7 9 2 P53 f four (vale Fs Gf. 
yo nm © | 7IF gt 
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So the coſine of the de clination, 
to thc tine of the azimuth. ln 


So the altirude of the Sun being 12 gr. ard the declination 
2c gr. Southwa'd, ai'd the angle of the houre 35 gr. 36 m. I 
ſhou d fir d the azimuth to be 34 gr. And lo it 15 it ut be rec- 
hone trom the South ; but 146 gr. 1t 1t be taken from the 

N-1th part of the meridian. 


14 Having the diſtance of the San from the next equi- | 


4 notttall poini, to find h15 right aſcenſion, A 
: ie , 
As the Radius 3 Et. 
ro the coline of th- greateſt declination: A | SL = 
7 So the rangent of the diſtance, $3 
4 to thetangent of the right aſcenſion, LL. at T3 
7 So the Sun being inthe firſt degree of =, that is 5g gr. div» 1 |", 
' ſtant from the next equinoiall point , and the gr ateit de- E-© 
| cliration 23 gr. 30 m.the right aſcenfion will be tound to be ; 7 4 
þ 56 gr. 46 m. Thort of the begianing of V, and therefore 
F 303 gr. 14 Mm. =. QC; N 
Is Having the aeclinztion cf the Sun, to fins 7 
his 11ght aſcention, | + : | 
As the tangent of the greateſt dec'ination go: : 
1s to thetan of he de RL ox 1 V4 ; 
gun: oftche declination gtuens 
So thc Radi:s 
to the line ofthe right aſcenſion, » 


So the greate(t declinatio.1 being 23 gr. 30 #9. and the de- 


clination of the Fun giuen 2097. the right atcenſion will be 
tound about 56 gr.50 m. 


16 Having thelongitude and latitude of a ftarre 


T 6 finde the right aſcenſion ef that ſkarre # 
17 Tofinde the declination of that Stare. 


/ 


b go 
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The ſtarres have little or none alteration in their latitude, 
kn cherir longicude they moue forward, about 1 gr. 25 w.in 
- Z————— an hundred yeares. T heſe being knowne, 


As the Radius 


eo he line of the ſtarres longitud: from the 


i (> A L; = next equinodctiall point : 


So the cotangent of the ſtarres latitude 

to the tangent of a tourth arke. 
_... Compare this fourth arke, with the arke of diſtance be- 
tweceue the po'cs of the world and of the cciiprtique. If 
the lo: gi ads and latitude of the Narre be both a like, as 
when ti: longitdde falleth ro bee amonge the Northerne 
fines V & <; 53 $\ ny, and the latitude 1s North from the 
ecliptique : or the longitude among the Sout herne ſignes = 
m i »» & , and the laticude Southward , then (hall the 
difference berweene this fourth arke and the diltance of 
poles, be your fifth arke. 

Bur if the longitude and latitude ſhall be unlike, as the 
longitude in a Northerne figne,and the latitude So-th,or the 
longitude in a Southerne ſine, and the latitude North , then 
adde this fourth arke tv the diſtance of both poles, the ſun 
of both ſhall be your fith arke, And 


*As the fine of the fourth arke : 
-to the ſine of the fitth arke, 
So the tangent of the ſtarres longitude 
to the tangent of the ſtarres right aſcention, 
from the next equinoctiall point. 


As the coſine of the fourth arke 
to the coſine of the fifth arke, 
$o the fine of che ſtarres latitude, 
to the (inc of the ſtarres declination. 


Then for proofe of the worke, if there bee 0 former 
exrour, the proportion will hold, ; 


As 


ITS 


- EY YR 


- - - 6 CS 


2 econ 


, 


n F 
9 CA, - —_ 


in Aftronemy 
As the Cofine of the latitude 


to the Cofine of the right aſcention: 
So the (ofine of the declination 
to the Coſftac of the longitude, 


For example, take the ypp*r of the two former ſtarres 
in the ſquare of- the little Beare, which ſea-men call the 
Former Guard. This in the yeare 1625, will be in 9 degr. 
38 mn. of 1. and fo his longitude from the beginning of = 
52 aegr. 22 m. Burt his latitude is ftill the ſame 72 greg m. 
Nortthwards. Wherefore 


As the (ine of go gr. is to the fine of 52 gr.22 m, 
So the cotangenc of 72 g7. 51 mm. 
to the tangent of 13 gr. 44 


Which is the fourth arke. Then becauſe the longitude 
and laticude are both Northward, the diff.rence be:weene 
this fourth arke and 23 gr. 31 ”. the diſtance of both poles 
will give you 9 gr-47 mm. for the fittharke, And 


As the fine of 13 gr. 44 =. 
to the fine of 9g gr. 47 m 

So the tang. nt of 52 gr. 23 mw. 
to the tangent of 42 gr. 53 mm. 


Which is the right 2ſcention of this ſtarre, from the be- 
gianing of == but 222 gr. 53 7, from the beginning of Y. 


Asthe coſine of 13 gr. 44 ». 
tothe cofine of 9 gr. 47 m7. 
So the fine of 72 gr. 51 m, 
to th: ſine of 75 gr. 46 me 


Which is the declination of this ſtarre from the Xquators 


As the coſine of 72 gr. 51 >. 
Kk 3 | ng 


Go 0 as The uſe of thelines of ſines and tangents 


OW” to the coſine of 42 gr.53 mm, 
= Co's So thc cohne of 75 gr. 46 98. 


tothe coſine ot 52 gr. 23 , 
Which agrecit g (o weil with the longitude of the ſtarre 


2 + 7 >=» 7 *propoied 1s a goud prove, that the right aſcenſion and decli- 

| nation Wee tru'y toud, 

”/ The'e are ſuch Aſtronomicall propoſitions as I take to be 
+ 7 OO victallto: Sea mon. Tor the firit and ſecond will help them 
WE 0 ti fi d their aticude z the third ro find the Suns rifing and 
ER" ing; the 4.5.6.7 8 9.10.13.Prop, to hnde the variat;on of 

4vY B22.» < = their compaſlic 6 the 11a d12 Prop. to hd the hou:e ot the 


,,+4 day;avd ihe reſt toward the finding of the houre of the 
Ar +/+ * © might. For havingthe latitud of the place, with the d.cli- 
F 4 » nanona.d altitude of any ſtarre , they nay find the houre cf 
” 5--\ theſtarre from the meridian, as in the 11 Prop. Th.ncom- 
- paring the 1ight aſcenſion of the ſtarre with the righ aſcen- 
"PIE fp” 4 _ of the Sunne , they may haue the houre of the 
| :. night. ammonia cagneeetn 
oY I Che Al theſe propoſitionsand ſuch others may be wrought 
allo by the tables of nes and raxgerts For where fourc num- 
> - 4.2 bersdohold in proportion; as the firſt to the ſecond , ſo the 
5  #£ thidtothe fourth; thereit we mul'ip!y the ſecond into the 
7 hu RE thud , anddiuide the produtt by the firſt the quotient will 
: = YO guethe fourth required As in the example of the 15 Prop, 
s —— wrere the declination bemg giuen , it was requircd to find 
[f (, \, the right aſcenſion. The tangent of 20 gr. the declination 
IE -. - ' « (-/ / , giuenis 3639702, whith being multiplied Þy the Rad us, 
A 7. /,the pgodut 1s 36397020c00000 , and this di 1d d by 
* T / © 4348124 the tang-nt of 23 gy. 30 wm. the quotic't is 
| 8370741 the line of 56 gr. 50 m». for the right aſccnſion 
required, 
if | Or if any wi!l vſe my tables of artificial ines and tanrents, 
pYS, they may .dde the ſecond and the third together, and fiom 
pi _ the ſumme ſub'r.A the firſt, the remaind-r will giue the 
WEAR £ 5 fourth required Ando my targent of 20 gr. is 9561.0658, 
*' 7 )-, -_ - Whichbeing add. do the Radius, makes 19561. 0658; trom 
' this if they ſubirat 9638. 301g the tangent of 23 gr. 30 ms 


Wu Ae Ann 60455 of rorfnls} they 
i” 7 "x | 


wv 


Oey _> Arg * Nt 1 A 15 / _—_ "IR Fg IR 


in Aſtronomy, 79 7 OM 
they (hall find rhe remainder to be 992 2. 7639, which in my 2 
Canon is the fine of 56 gr .49 » 56 ſeconds; & tuch is the right ye 
aſcenſion required , it it be reckoned trom the lex: £q 1.40- -— — 
Ct1a!! point. {| 

The lixe reaſon ho det for all octhcr Al: © omicall pro- | / 4 

poſitionsas Iwill tarth-r the w by tho'e rwo cxainp ce wh c<þ | ; t 
I gave before tor the tin'11y of the azimath 19 the 10 Prop, | Ra Cy 
becauſe they are thouyhe to be harder th.u whe relt , and re- r 
quite three operations, 


MM 


- a 
Inthe frit example. FI A 
Declin. Sonth :0g7.0 >. | he diſtanc?2 Ito 
ltitnde 12 o the coumpicment 57) 
L3ttude Nor. 51 30 the compleacnt 3 
— 13 © a bs 
1 hc ſumine of ail th.cc 226 30 Ak. a 
Ti chaite fumme T3 - fy 
. / ALA wy 
Thc ditfercnce $. -- 


The firſt operation will be .o finde the fourth fine; and R. Prov 
that is done by adding the fine of the complemen of cheat» 4 2, 4 7 
titade to the fine of the «co:np.ement of the laautude, and oþ £Y 
{ubtrating the Rad.us ; lo adding 9490. 4044 th: fiicotgs DO WY I 
or. vo 9794e1495 theo line of 38 gr 30m. the 'um  e wl be = oy %. | 
19784+ 5539. Andihe Raciis bang fu trated, the rem n= _ - | 
Ger 9784 3539 1>the tourth tine » ard t e.0n2e h tw 37 _ : 
30 4, ny an. 

The ſecond operation will be to fi:d he {cuenth line; and Eo, £5 
that is done by adding /he fi «e of tl. hatie fume $o the - 11 | 
ſine of .he- diff rence , and ſubtracti 12 the: fourth fi.%. So 
the halfe tumme bet g 113 gr. 15 7. take I Ss Com <mput 
toalemicncic.a d 10 tind his tin robe 9363 2168,to which 4 
I adde 875 3; 5273, the ſine of che dittcrer <3 og 1, =; and 
the ſumenc 184 18716. 7446. From th1, i take che fourt fine 
9784. 5539, aidthe remander will bex9g;2 1497, which 1s 
the ſeventh line , a"vd bel g2thto 407. $4. 

T he third operation will be to finde the meane proportio- 
nall ſfiae betwecue the ſeucuth fac and the Radius» This in 


COINMON 


& _ 
ki os . ;z 
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ccmmon Arithmetique is done by multiplying the to ex- . 
tremes , and raking thequare roote of the _- + As in 
finding a meane proportionall berweene 4 and 9, we multi» 
ply 4 into 9, and .h. procutis 36, whole ſquate root is 6, 
the meane propoitional| betweene 4 and 9 But here it is 
done by adding the fine and the Radius, and taking the 
halfe of them. So the ſumme of the laſt ſeventh ſine and 
the Radius is 18932, 1907 ard the halte of that 9466.095 3, 
which 1s the meane proportional fine required, and belon- 
gcth to 17 gr. whoic complement is 73 gr. and the dou- 
ble of that 146 gr. the ſame Azimuth as before. 


In the ſecond example, 


Declin. North 20 gr .o mz, The diſtance 70gr.0 m. 
Altitude 12 o the complemem 78 O 
Latitud, North 5x 3o the complement 38 0 


The ſumme of all three 186 7 
The halfe ſumme 93 I5 
Thedifterence 23 1s 


The firſt operation will be to find the fourth ſine; and 
that is here 9784. 55 39, as in the former examp'e. 

The ſecond operation will be to find the ſeventh ſinez and 
ſo here the ſine of the halfe ſumme 93 gr. 15 #9. being the 
ſame with the ſine of 86 gr. 45 m. his complement to 180 gre 
I find it to be 9999. 300g, to whioh I adde 9596. 3153 the 
the ſinc of thc difference 23 gr. 15 ». and the ſumme 1g 
19595» 6162, From this I take the fourth fine 9784. 5539, 
and the remainder will beg$11. 0623 for the ſeventh ſine, 
and belongeth to 40 gr, 20 m-. 

The third operation will be to find the mcane propor- 
tionall ſine betweene the ſeventh ſine and the Radius And (o 
here the Radius being added to the ſeventh line, the ſumme 
will be 19811, 0623 , and the halfe of that 9905. 5311, 
doth give the m-anc proportional ſinz belonging tojabouc 
T3 


taygenss in Aſtronamie. $1 
r, 34 m. whoſe complement is 36 gre 26 #-& thedouble of 
hat 72 gr.52 .the fam« Azimuth as before. | 
I haue {ct downe thelc three examples thus particularly, 
that I might ſhew the agreement between the Seaffe and the 
{ «non, Bur ocherwite I might dcliuer-boththe precept and 
the worke, for the two laſt , mare compeudiouly. For gene- 
rally in allſphericall triangles , where thice ſides are knowne, 
ws, an angle required , make that fide which woppoliteto 
the angle required, to be the bale ; and gather the tumme, 
the halfe ſumme, and the difference as betore- 


As the reQangle contained vnder the fines of the lides, 
is tothe ſquare of the whole fine ; 
$o the reRangle contained vnder the ſine of the halte 
\umme and the difference, 
to the ſquare of the coſine of halte the angle» 


Thenſfor the worke , we may for the moſt part leaue out 
theſ two laſt figures; and if they be aboue 50o, put an vnitie to 
theyfixt]place, after this maner, | 


The ſecond example, 


70 9r. 0 9 
78 © 9990[40 
38 3o g794[r5 
186 30 1978455 
93 3g 9999130 
3 1g 9596137 


20c00{00 
39595162 
: 1981107 
26 26 9903153 5357-34 m, 
7* $2 109 8 


Ce for ſuch numbers as aero be {ubtrafted, 1 may take 
- Ll them 


$2 The wſe of the linss of fiars 4n1t mn7:1s, | 
chemivur of the Reis, ard write d wiertht reins, 214 
; then all: chin :ogerher with che reſt. A5 11 the nv fee 
s \ cond exanp'e, vie fines of 78 gr, and of 38 gr. 30 8. being 
| the nu 1b rs to beſa>rated; if | rake 9999.. 4944 whe 
fine ot 73 gr, out” of. the Radius 10000.0900 , the reliJue 
is 9% 5 '568' and fo rhe refidue of 979 4. 1493 15 205+ $505, 
Wherefore in head of ſubtracting thoſe lines , 1 moy ade 


(4 thile rejfidues ater this maner : 
' 70 97,0 Mm, 
» 958 io e159 
33 30 204195 
{ 196 20 
Bt 93 IS 9999139 
0548 * 23 Is 959632 
| 4 1981106 
35 26 £90553 $397 34. 
72 52 107 h, 


Hauing theſe meanes to find the Suanes azimuth , we may 
compare it withthe magnexicall azimuth , and lo linde the 
variation of the needle, 


N A [ 


For let the circle AMP, drawne oy the center Z, be a 
plane 
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plane , paraliclto the horizon z eA the pojat whereonthe 
Suv bearcth trom vs, 44 ttc North point of the magnericall 
needle, aud the a gle AZ the magneticall Azimuth. It 
we find the Sunnes Azimuth as before, to be 72 gr. 52 m2, 
from the North to the Weſtward , we may allow fo many 
degrees from Avnto N_, ard lo we haue the true North 
point of the meridian , and conſequently the Eaft , South, & 


Wcſt points of tl e horizon ; and the diltance betweene AX 


ad A ſhall be the variation of the needle. So that if the ma» 
gneticall Azimuth AZ ſhall be $4 27. 7,m. and the Suns 
azimuth AZN_72 gr. 52m. then mult I(/Z41 the diffe- 
rence betweene the two meridians , giue the vatiation to be 
11 gr. 15 m.as Mr, Bourough hcrctotore fourd it by his ob- 
icr1uations at Limhbon/e in the yeare 1590. But if the magne- 
ricall Azimuth Z27 ſhall be 99 gr +7 2. and the Suns Azi- 
muth AZN 72 gr.5 2m. then ſhall the variation NZAM be 
only 6 gr. 15 m, as] hauc ſometimes found it of late, Herey- 
pon I enquired after the place where Mr. Bonrough oblerucd, 
:nd went to Limehonſe with ſome of iny tricnds , and tooke 
withvs a quadrant of +4 foote ſemidiamerer, and twoneed- 
les, the oneaboue 6 inches, andthe other 10 inches long, 
where | made the ſemidiam<ter of my korizuntall plane AZ 
12 inches: and teward night the 13 of Tune 1622, I made 
obleruation in ſcuerall parts of the ground , and found as 
tolloweth. 


Alt. | AZ MIA ZN aria 
Gr. M.\Gr. M.\Gr .M.|Gr.M. 


tg O32 2/75 <-26 10 
I8 g$d0 5074 44 6 G 
17 3439 074 65 54 
'7 079 77 40 5 
15 1853 12 72 325 40 
16 077 5072 10'5 4O 
'O 1071 £ 264 49 6 13 


19 52.79 12,64 25 5 47 
Ll 3 CuaAr. 
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(ontaining ſuch nauticall queſtions , as 


are of ordinary v/e, concerniny longi- 


”| 


tude latitude, Rumb, and diſtance, |; 


1 To keepe an acconnt of the ſhips way 


He way tha: the ſhip maketh, may bc 

kmowne to an od fea-man by experience, 
by others it may be found for fome ſmall por- 
tion of time, enther by the logge line, or by the d1- 
itance of tewoknowne markes on the ſhins fide 

The tirze in which it maketh this way may be 

meaſtred by a watch,or by a glaſſe,or by the pull. 
or by repeating acertaine number of words. Then 
as long #8 the wind continueth at the ſame ſtay it 
tollowerh by proportion, 

As che time giuen is to an houre: 

So the way made, toan houres way. 

Suppoſe the time to be 15 ſeconds , whic! 

make a quarter of a minute, and the way of th. 
thip 88 feet ; then becauſe there are 3600 ſecond: 
inan houre, I may extend the compaſles 1n thc 
line of #::-m#bers, from 15 unto 3600, and the ſamc 
extent will reach from $8 unto 21120, Or I ma) 
extend them from 15 unto $8, and this extent 
will reach from 3600umo 214130; according te 
the ordinary worke in Arithmetique, 

AS 15 vnto 3600 

So 88 vnto 21120 
which ſhewes that a1 houres way came to 211 2c 
feere. 

But this were an vnneceſlary buſtneſſe, to- hear- 
ken after feet or fadoims. It fuihceth our ſea-men 
to find the way of their ſhip in leagues or _ 

An 
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And they ſay that there are 5 feet in a pace , 1000 pace? 
ina mile, and 6o miles in 2 degree, and therefore 300000 
feete in a degre*. Yet comparing ſeuerall obſeruations, and 
their meaſures with onr feere vſiall abont London , I finde 
that we may allow 352090 feete to adegree; and then 
if l extend the compaſſes in the line of »wmbers from 
352000 vnto 21120, I ſhall find the ſame exrent to reach 
from 20 lcagues the meaſure of one degree, to1.2, and from 
Go miles to 3 - 6; according to Arcthmetique which thewes 
the houres way to be 2 league and 2 tenths of a league, or 3 
miles and 6 tenths of a mile. 


As 352co0 vnto 21120 
So 20-00 vnto 1-30 
and 60-00 vnto 3-60 


But to auoid theſe frations and other tedious reduRtions, 
I ſuppole it would be much better to keepe this account of 
the ſhips way (asalſo of the difference of latitude , and the 
difference of longitude )by degrees and parts of degrees allow- 
ing 11 100 partsto each degree, which we may therfore call by 
the name of centeſmes. For lo doing there would be ſome 
agreement betweene the accourt and the dayes fayling. Or- 
dinarily the ſhip goes a degree in a day, as it may appeare by 
comparing ſeverall lournalls to the caſt and weſt Tvazes, The 
rime of paſſage betweene the 1:z2ard and the ſouthcr-moft 
Cape of Africa is commonly ſaid to be about three moneths 
and the diſtance is not much different from 9o degrees. 

Againe this account by degrees and Centeſmes would be 
more <cxa and the addition, ſubtraction, multiplication, di- 
viſion of them more eaſie. Neither would this be hard to 
conceaue, For, 


(enteſms, AMinntesr, leagues, 
If 100 do equall 60 and 20 
then 5o ſhall equall 30 and 10 
and 5 be equall 3 and 


And ſointhe former example of 8g feet in 15 ſeconds ha- 
Ll 3 wyg 
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T he wſe of lines of ſines and tangents, 
uing firſt found that the houres way is - abour 21120 feet; 
It I extend the compatilcs from 352009 vnto 211 20 as be- 
forc I ſhall 6nd che lame extent to reach trom Too vnto 6 as 
before, which ſhewes that the houres way required is 6 cent, 
ſuch as 100 do make adegre,& 5 do make an orditiary league. 
This might allo be done at one operation. For ypon theſe 
ſuppolitions, diuide 44 feer into 45 lengths,and l-r as many of 
them as you may conuentently berweene two markes on the 
ſhips fide, and note the ſeconds of time 1n which the Np 
go.th theſe lengthes : !o the proportion will hold, 
As the {.conds,to the lengths 
So 1 hourc,vnco the Ceatclines 

The iengths diuided by the time, ſhall give the cext, whict: 
the flip geeth 19 an houre, 

$1->pote thediſtance betweene the two mar kes to be G0 
lengths(which are 58 tcer and 8 inches )&4ct the time be 12 
leconds:extend the compaſles from 12 to 1,inthe linc of num 
bers;lo the lame eXtent will reach trom 60 ynto 5.Or exterd 
them from 12 vato 609,& the ſame extent will reach from 2 
vnto 5.1 his ſhewes that che ſhips way 1s according to 5 (ext, 
in an houre, 

This may be found yet more caſily,if the logg line ſhal be 
fitted to the time. As1t the time be 45 feconds,the log line may 
houc a knot at the end of cucry 44 teete; then doth the ſhip 
run {o many Fert in an houre, as there are knots vered out 1n 
the ſpace of 45 ſeconds. If 30 ſeconds do ſeeme to be a more 
conuenient time,the loggline may have a knot at the end of c- 
uery 29 feet and 4 inches;and then alſo the cenre/mes will be as 
many as the knots.Or it the knots be made to any tet number 
of tcet.the timen ay be fitted vnto the diſtance. AS it the knots 
be made at the end of cuery 24 feet the glaſſe may be made 24 
ſecond & ſome what more then an halfc of a {.cond, and to 
thile knors will ſh:w the cenr. It there be 5 knots vered out in 
a gluſle.thC 5 cent; if 6 knots, then the ſhip goerth 6 cenr in the 
{pace of an hour. z & ſo 1n the reit. For vpon this lappotition 
che proport16 between the time & the tet wiil be as 45 vnto 
44-Lut according to the common ſuppoſition :t ſhould ſceme 
to bea> 45 voto 37: orinkfler termes ay 6 vnto 5. Thole 
whic' are vpon the pace, may m.ke proofe of both, and 
follow that. which agrees belt with their experience. 2 


The wſe of the lines of [ines and tangents $7 

2 By the latituae and difference of longitude, to find 

the diſtance pon a courſe of Eaft and Weſt, 
As the fiae of -0 gr. 
to the colic of the latiti:de 
So th: difference of longitude at tne zquator 
rothe diſtance required on the j arall. Il, 

Pxtend the compaſles from the tne of go gr. vnto the fine 
of th. compl. ment of the: 'atitud: ;the fam. extent ſha'l reach 
za the line ot »wmbers from the difference of longitude to the 
diltance. 

So the meaſure of one degree in the zquator, b:ing 100 
cent. the diſtance beluaging co one degree of longitude in 
the la-itude of 51 gy. zo m, will be found about 62 cent, and 5. 

Or if the mcalureof a d:erce be 60 nu!es,the diſtance will 
be found about 37 miles and 3+ If the meaſure be 20 leagues, 
then almoſt 1 2 leagues and 5. If the meaſure be 17 }, as in 
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$8 The wſe af the lines of ſints and 


the Spaniſh charts, them ſomewhat leſlie then 11 leagyes (ai- 
ling vpon thus parallel! , will guean aleration of one degree 
of longitude. 


3 by the latitude and aiſtance Vpou 4 courſe 


of Eatt or Weſt , to find the d:fſerence 
of longitnat, 


If the diſtance be giuen in leagnesor miles reduce them 
into centelmes, then will the propottion holde, 


As the coſine of the latitude 
to the line of 90 gr. 
So the diſtance on the parallel! 
to the difference of longitude, 


Extend the compiaſſes from the fine of the complemee 
of the latirude, to the (ine of 90 gr; the ſame extent will reach 
in the line of »w»bers from the diſtance to the difference of 


longitude. | 

So the diſtance vpon a ccurle of Eaſt or Weſt , in the lati« 
tude of 51 gr, 30m. being 100 cent. the difference of longi- 
tude will be found 1.60, which make one degree and 60 cen- 


Zeſmes or 1 gr. 36 Mw, 
Or if it be 60 miles, the difference of longitude will be 96, 


which alſo make 1 gr- 36 mw. as betorcs 


4 Thelongitade and latitude of two places being 
21uen, to find the Rumb leading from the one 
to the other, 


£ 


AS the difference of latitude 
to the difference of longitude 


So the tangent of 4 ; 4 
co the tangent ofthe common Rumb1 


Extend 


tangent in Nawigation, * 39 

Extend the cowpaſles in the line of »»mbers from the dit- 
ference of latitudes to the difference of longirudes; the ſame 
extent will giue thediſtance from the rangent ot 45 gr- vnto 
the tangent of the Rumb , according to the proieQtion of the 
common fca-chart. 

So the latitude of the firſt place being 50 degree the 
latitude of the ſecond 52 degree 3o mw. and the differen- 
cc of longitude 6 gr. the !iumb will be found to be about 
67 gr. 23 m, whach is nearc the inclination of the ſixth 
Rumb to the meridian. But this Rumb ſo found, is alwaycs 
greater then irc ſhould be , and therefore to be limited ; 
which may be done ſufficiently for the Sca-mans vic , after 
this maner: 


As the ſine of go gr. 
to the coſine of the midle laritude 
So the tangent of the common Rumb 
to the tangent of the Rumb required, 


f- Extend the compaſſes either from the ſine of go de- 
gree vito the fine of the complement of the midle lati- 
tude , the fame extent will reach from the tangent of the 
Rumb before found , to the targent of the Rumb li- 
maited. 

Or elſe extend them from the fine of go degree ynto 
the tangent of the Rumb before found ; the fame cx- 
tent will reach from the fine of the complement of the 
— latitude , vato the tangent of the Rumb limi- 
ecd. 

So the middie latitude between 50 gr. and 52 gr. 30 m. 
being $2 gy. 15 #. and the Rumb before found 67 gr-23 
”, the Rumb limited will be found to be about 56 gr. 20 
m, Which is buc five minutes more then the inclination of 
the fift Rumb to the meridian. 

It þoy pleaſe to worke by the Canon he may ioine both: 
theſc,in one operation. 
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As the difference of Iatitude 
to the difference of longitude 
So the c line of the midle latitude 
tothe tangent of the Rumb required, : 
2 This Rumb may be found. by the helpe of the mer:- 
dian line ypon the Statte. For if I takethe difference of la- 
titude out of the meridian line from 5o degree ynto 52 
degree 30 w, and meaſure it in his cquinoCtaall , or at the 
beginning of the meredian line , | ſhall find it there to be 
equal to 4 degree with may be called the difference of 1as 
tirude in larged. Wherefore I work as if the difference of 
latitude were 4 gr, 


As the difference of latitude in larged 
to the difterence of longitude 

Sothe tangent of 45 gr. 
to the tangent of the Rumb required, 


And extend the compaſſes in the line of wambers from 
4 vnto G: ſo ſhall I finde the fame extent to reach from 
the tangent of 45 degree vnto the tangent of 56 degree 


a ”, and this is the inclination of the Rumb requi- 
red, 


6 By the Rumb and both latitudes , to find 
the difance Upon the Runeh . 


As the cofinc of the Rumb from the meridiall 
to the ſine of go gr. 

$0 the difference between both latitudes 
to the diſtance vpon the Rumb. 


Extend the compaſſes from the (:ne of the complement 
of the Rumb, ynto the fine of go gr. the ſame extent in the 
linc 


tangents in Navigation, D1 
line of »wwhers (hall reach from the difference of lati-ude 
vnto the d1i1ance vpon the Rumb. 

So ihe latirude of the firſt place being 50 gr. the latituds 
of the ſecond 52 gr-30 wand the Rumb the hit from the mc- 
ridian. If 1 extend th compaſl.s from 33 gr. 45 ®. vnto the 
ſineof go gr. 1ſhall i d the fame extent 1n the line of num- 
bers to reach from = gr. 50 cent, to 4 gre $OCcent. and (uch is 
the diſtance required., 


7 By the diflance and both latitudes to 
find the Rumb. 


As thediſtance on the Rumb 
to the differerice berween both latitudes 
So the line of go gr. 
tro the coſine ut the Rumb from the meridian. 


Exterd the compaſſes in the line of »wmber: frem the di- 

ſtance vnto the difference of latitudes ; the lame extent will 
reach inthe line of fines, from go gr vnto the complement of 
the Rumo. 
» Sothe one p'ace being in the latitude of 50 degree the 
other in the latitude of 52 degree 30m. and the diftance bet- 
ween them qdegres 50 cent. It lexter d the compaſles from 
4- 50 vnto 2. 50. 1n the line of numbers , I ſhall find the 
{a'r e exten” to reach from the ſine of go degree ynto the com 
plement of 56 degree 15 ms. and ſuch is the inclination of 
the Rumb required. 


$ By one latitule, Rumb , and diſtance R 
to find the difference of 


latituacs . 


As the fine of go gr 
ro the coſine of the Rumb from the meridian 
M m 32 SO 
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So the diſtance vyon the Rumb 
tothe diff:rence between both latitudes, 


Extend the compaſſes inthe line of nes, from 99 gr. voto 
the complement of the Rumb; the fam: extent inthe line of 
»umbers , will reach from the diſtance, vnto the difference of 
|: citudes. 

S$o the leſſer latitude being 50 degres and the diſtance 4 
degres 50 cent. ypon the fifth Ramb trom the meridian : it 1 
excend the .compalles Hom the (ine of go gr.to 33 gr”. 45 
m. | (hall finde the ſame extent to reach from 4.50 in the line 
of numbers, vnto 2.50; and therefore the ſecond latitude to 
be 52 gr. 30 


9 By the Rumb and both latitudes, "t0 
find the difference of lon- 
gindes, 


As the tangent of 45 gr. 
to the tangent of the Rumb from the Meridia 1} 
So the difference of laticude 
to the difference of longitude in the common (ca-chart. 


Extend the compaſles from the tangent of 45 gy. vnto the 
tangent of the Rumb ; the ſame extent will reach in the line 
of nwmbers from the difference of latitudes vnto che diffc= 
rence of longitude , according to the proieion of the com- 
mon ſea chart. 

So the firit latitude being 50 gr.,and the ſecond 5 2 gr.z0 mw. 
and the Rumb the fifth from the meridian: if I extend the 
compaſics from thetangent of 45 gr. vnto 56 gr.15 m.l (hall 
find the ſame extent to reach from 2. 50 in the line of n«m- 
bers to about 3.x5,which make 3 gr.45 mw.But this difference 
of longitude fo found, is alwayes |. fer then it ſhould be , and 
rheretoreto be enlarged, which may be done ſufficiently for 
the ſea-mens vic, after this maner: 


A 


As the celine ofthe middle latitude 
to the (inc of go gr. 
So ſhe difference ot iongitude in the common fea-chare 
the diff. rence of lo:,gizude inlarged. 


Extend the compaſles from the fine of the complement 
of the middle latitude, vn'o the fine of go gr.the lame extent 
will reach in the line of #wmbers trom the difference of lon- 
girude before found , vito the difference of longitude in- 
targed. 

So the middle lati:ude in this example being 52 gy. 15 =», 
and the difference of iongitude before found 3 2r. 75 cenr.the 
differenc. of longirude inlarged will be found about 5 gr. 
99 cent. which arc neare 6 gr» 

If any p'eaſe to worke by the Canon he may 1oyne both 
thee in one operation. 


As the coſine of the middic latir:de 

to the rangent of the Rumbe from the meridian? 
Sothe differcace of latitude 

to the difference of longitude required. 


F" 3 This difference of longitude may be found by helpe of 
the meridian line vyon the dtatfe. For if | take the proper dit- 
ference of latitude our of the meridian line, and meaſure it in 
his equinoQiall, or at the beginning of the meridian line, 
T ſhall find the latitude inla-ged to be cquall to foure of thoie 
degrees. 


As the tangent of 45 gr. 

tothe tangent of the Rumb from the meridian 
So'the difference of | a:itude inlarged 

tothe d fference of longitude required. 


Wherefore having extended the compallſes as before 
f.om the tangent of 45 gy. vncothe tangent of 56 gy. 15 _ 
m 3 c 
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the ſame extent will reach from 400 in the line of »wwwhers, 
vntoO 5. 99; which ſhewes tre difterence of longitude to be a- 
bour ; 97.99 cens.or about halte a minute ſhort ot tix Ucgrees. 


10 By the Rumb and both latitudes, tc finde the a1flance 
belonging to the chart of Mercators projettior, 


Take the proper difference of latitudes out of the meri- 
dian 11 & of the chart, and meaſure it ia his equinoQall, or 
one of the parallels, and ic wi.l there giue che difference of 
latitudes inlarged, 


As the coſine of the Rumb from the meridian 
tothe line of go gr. 

So the difterence bet ween both latitudes 
tothe diſtance vx on the Rumbse 


Then extend the compaſſes from the fine of the comple- 
ment of the Rumb vnto the ſine of go gr. the tame extent 
will reach in the line of »#wbers, trom the latitude mlarged, 
ynto the diſtance required. Or extend them trom the come 
plement of the Rumbto the latitude inlarged, the ſame cx+ 
tent will reach tre m go gr. vnto the diſtance. 

For example, let the place giuen be Ain the latitude ot 
5ogr, Dinthc latitude of 52 gr. 30 m, A M the dift:reace 
of latitudes, and the Rumb 1 A © the fifth trom the mert- 
dian. Firſt I take out A AL thediffcrence of latiiudes, and 
meaſure itin A E on ofthe parallels of the xquinoctiall ; I 
find ic to be very neare 4 gr. this is the difference of latitudes 
inlarged. ) henifI extend the compaſics fromthe fine of 33 
gr. 45 mm. the comp'ement of the fifth Rumb vanto the fine 
go gr. I ſhall find the ſame extent toreach in the line of »»m- 
bers from 400 ynto 7-20 And this is the diſtance belonging 
to the chart, Wherefore I take out theſe 7 gr. 20 cenr. out a 
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theſcale of th= parallell A E, a1d pricke ic d»wne vpon the 
Rumbtron A vnto D , where it m2ereth with the parallell 
of che tecond latitude. Lalt'y, | mzafure ic in the meridian 
tine, {etting one foore of the compalſes as much below the 
lefler latitude as the other aboue the greater latitude, and 


find ir to be 4 gy. 50 cent. which is the ſame diſtance that [ 
found before 1n the 5, Prop. 


It Bythewiy of the ſhip, and two angles of poſi» 
tion, ts find the diſtance betweene the 
ſhip and the land, 


The way of the ſhip may be knowne as in the firſt Prop, 
The angles may be oblerucd either by the Staffe, or by a nec- 
dle ſet onthe Stafte, For example , ſuppoſe that being at A, 


A 
"0 : : 
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T. had fight of the landat Z, the ſhip going Eaſt Ne 
| rom 
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from A toward C, andthe angle of the ſhips pofition B 
AC bring 43 gr. 20 7; and after that the ſhip had made 10 
cent, or 2 l|cagues of way from A vnto D, I oblerucd 
apaine, and tound the ſccond angle of the ſhips pofition 
BDC to be 58 degree or the inward avgle B D A to 
be 112 degree then way I finde the third angle ABD to 
be 14 degree 40 m, cither by ſubtraftion or by complement 
vnto 180 gre : 

In this and the like cafcs , I haue a right 1ine triangle, fn 
which there is one {ide and three angles knowne, and it is 
required to finde the other two fides andthe Caron or it, is 
chis; 


As the fine of the angle oppoſite to the knowne tide , 
1s to that knowne fide ; 

So the ſine of the angle oppolice to the fide required, 
is to the ſide required. 


Wherefore I extend the compiſſes from 14 gr. 40 
”, in the nga. to 10 in the line of »wwbers , and this 
extent doth reach from 58 gr-to 335, and ſuch is the di- 
ſtance between A and P, and ic reachcth from 43 gr.20 
PL, vnto 27 in the lincof nembers ; and ſuch is the diſtance 
fomDwoÞF, 

Theſe two diſtances being knowne , 1 may ſet out the land 
vpon the chart. For having ſet downe the way of the ſhip 
from A to D by that which I ſhewed before in the vie of the 
eeridian line, | may by the ſame reaſon ſer off the diſtance 
AB and DB, which meeting in the point Þ , ſhall there 
celemble the land required, NT” 


'1 By 
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11 By knowing the diſfance between two places on the 
land, and how thry beare one from the other , 
and hawing the angles of poſition at the 
ſhip to find the a1:tance berweene the 
ſhip and the land, 


If it may be conuenicntly, ler the angle of poſition be ob- 
{crued ar fuch time as the ſhip com-<ch to be right ouer a» 
g2i1:ſt one of the piaces. As 1t the ptaces be Ealt and 
Welt, tecke ro bring one of then South or North trom 
you, and then oblerue the a':2!e of policion ; fo (hall 
you hauc a right line triangle, with one fide and chree 
ang.cs, W..creby to fixd th: rwo oucher ſides. Fiilt you 
hauc the ai-gic 0: polirto:1 at ihe thip; then a. v1ght a 1 
ole art the P.4c.c tha: 1$ OLTET ag nit jou 3 aid ne cliud 
ale at the ocher place 1s the coin,leme..t ro the an- 
ole of poulitzon. Where: orc 


As the ſine of the angle poſi-ion, 

i5 to the diſta-ice bet weene the two places ; 
So the coſine of the angle of poſition , 

ro the dillance berweene thc ſhip and the nearer place. 
A.:d fois the fine of 90 gr. | 

ro the diſtance from the N:ip to the farther place, 


Sothe p'accs being 15 cext. or three lcagu $s one from 
the other, and the angle of potition 29 gr, the nearer diſt in- 
ce will be tound abourt 27 cext. and the tarthcr diſtauce about 
31 cen, 


Or howſocuer the ang'e of poſition were obſerued , the 
diſtance berw. ene th. ſhip and che land may be tound gene» 
rally as in this example ; 

Suppoſe A ad D were two head lard- knowne to be Eaſt 


Northealt, and Weſt Southweſt , 10 cent, or two leagues 
N n one 
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one from the other ; and that the ſhip being at PB, I obſerued 
the angle of the ſhips poſition DBeA,, and tound it to be 14 
$7. 40 m. and that did beare 9. gr. 30 m.and A 24 77.10, 
trom the meridian B S, this example would bc like the for- 
mer. Forit the angle SBP beg gr. 30m. tromtke South to 
the Weſtward,then ſhall NDB be 9 gr. 30 ».from the North 
to the Eaſtward.Take theſc 9 gr. 30 m.out of the angle NDE 
which 1s 67 gr. 30 mm, becauſe the two head bak lie Eaſt 
Nor. healt , and there will remaine 58 gr. for the ang!c BDE, 
and the inward anglc BDA ſhall be 122 gr. Take thiſc two 
angles ABD and BDA out of 180 gr. and there wil temaine 
43 gre 20 mm, forthe thirdangle BAD. Wherefore here a'lo 
are three angles and one fide , by which I may find the two 
other ſides, as in the laſt Prop, 

Thelc propoſitions thus wrought by the Statte , are ſuch 
as I thought to be vicfull for fea-men, and thofe that are $kil- 
tull may apply the example ro many others. Thole that be- 
gin, andarc willing to pratiſe , may bufic rhemſclacs with 
this which followerth, 

Suppoſe foure ports, L, N, O, P; of which Lis in the lati- 
tude of 50 degrees N is North from L 200 leagues or 1000 
centeſmes;, O Weſt from L 1000 centeſmes and Þ Welt from 
N 1000 centeſmes fo that L and O will be in the fame latitude 
of 50gr. N and Þ both inthe latitade of 60 gr, Then let two 
ſhips depart from L , theone to touch at O, the other at NN, 
and then both to meet at P, there to lade , and from thence ro 
returne the neareſt way vnto IL. Here many qucftions may 


be propoſed. 


1 Whatis the longitude of the port at O ? 

2 Whatische longitude of Þ ? And why Oand ÞP Hould 
not be in the ſame longitude ? 

3 WhatistheRumbfromO vnto P ? 

4 Whatis the diſtance from O vnto P? And why the 
ax be more from L ynto P, geing by O, then 


5s What 
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s Whatis theRumb from ÞP vnto L? 

6 Whatis thediſtancefrom P vmto Lt 

5 Whatisthe Rumb from N vnto O? 

s What is the diſtance from N vnto O? And why it 
ſhould not be the like Rumb and diſtance from N vnto Q, 
as fromP vatoL? 


Theſe queſtions well conſidered , and either refolued by 
the Staffe , or pricked downe on the Chart , and compared 
with the globe and thecommon Sca-chart , ſhall giue ſome 
light co the direion of acourſe , and reduion of places to 
their due longitude , which are now fouly diſtorted inthe 
common Sca-charts. 


Nn 2 An 


I aQ 


An Appendix concerning 


The deſcription and -oſe of an inſtrument, ma le 
in forme of a Croſle-bovw, for the m:re ea- 
fie fimling of the latitude at Sta. 


5 former Prop. ſuppoſe the latitnde to be know:.c 
I will h:re ſhew how. it may be cably obſerued. 

Vpon the center A,and ſemidiameter A 8, defcrive an ark 
cfacircleS B N, The ſame ſemidiameter will {ct of 60 gr. 
trom B unto Sfor the Southend, and other 60 gr. from 8B vn- 
to If for the North end of the Bow: ſo the who!c Bow will 
Con:taine 1 20 gr. the third parr ofa circle. Lerit therefore be 
diuided into fo many degrees, and each degrer ſubdiuided 
into ix parts, that cach part may be ren minute*: but let the 
numbers ſet to it be 5. 10.15 vato go gr. ind then againe 
5. 10.15, viio25, that 55 may fall in the middle, as in this 
kgure. 


The Bow bcing thus diuided and numbred, y ou may : et 
the 


The diſcripfion ef the Bow, IO 


the monerhs and dayes of cach moneth upon the backe, and 
luch ſarres as are fi: for 05{cruation vpon the (ids of the 
Bow, 

It you defire to make vic of i: in Nort!: latitude, you may 
number 23 gr. 3o ##, from 90 toward; the end of the Boy 
at. N and there place the tenth Cay of Iune, And 23 27,30 , 
from 90 towards S; aud there at 66 gr, 30 w place the tenth 
day of December. And ſo the relt ot the dayes of the yearc, 
according tv the declination of the Sunnc at tie lame dayes. 

T he itarres may be placed 1a like mancr according to their 
declinations, 


Arturus 21 or, 109, 

The Buls eye ts 42 

Ticlions hca't 13 45 

The Vultures heart 55S 

The little dog 6 9 from 90 toward the 
North end of the Bow at N. Then tor Southerae ſtarres, you 
may number their declination from go toward the South 


erd of the Bow at S. As faſt the three itarrcs in Ons gir- 
dle, 


In Orions f111it at COr,47 1 
girdle the <'cco. d E-.20 
third 2 11 
The Hydra's heart 7 5 
The virgins ſpike 9g 10 
The great dog 1-23; 
Aquarics leg 29 
The Whalcs taile 21S 


The Scorptous heart 25 39 
Fomahan: 21 +0 And fo the Scuti 
crowne, the triangle, the c'ouds, the croſizrs, or what orhei 
rarres you think fic for obſeruation, This I call che tore fide 

ot the Bow. 

+ It you defire to make vſeofitin Sou h latitude, you may 
tune the Bow, and divide the back. tide of ic, and uurabes 
Na 3 'e 


- I” OCT SS <<» D—<—o_— —o> —_—— 


Io2 The deſcription of the Bow. 


it inlike maner ; and chen put on the months and dayes of 
the yeare , placing the tenth of December at the South end 

and the tenth of Iune toward the middle of the Bow, and 
the reſt ot the dayes according to the Sunnes declination as 


before. 

The chiefeſt of the Northerne ſtarres may here be | 
placed in like maner according to their declination , 4 
Anno 1625. | 

The pole ſtarre at 87 gr. 20 m. 
The firſt guard I 45 
The ſecond guard - 973 25 
The great Beares backe 63z 45 
Grit 5 8 2 
In the great : ſecond 57 55 * 
Beares talle third gr 15 


The fide of Perſeus 48 28 
The goare 953 33 
The taile of che ſwan 44 0 
The head of Medula 39 30 


The harp 38 30 
Caſtor 32 38 
Pollux 38 52 i 


The North crowne 28 © | 
The Rams head 21 4&0 


ArQturus 21 10 
The Buls eye IS 42 
The Lions heart 13 45 
The Vultures beart 8 


, 3 
Ortons right ſhoulder 7 17 
Orionslefc ſhoulder 5 $7 


And ſo any other ſtarre , whoſe declination is knowne vnto | 
you, which being done, The vic of this Bow may be. | 


1 The 


The we of the Bow. I03 


1 The day 0 the woneth being knowne , 
to finde the declination 
of the Sunne, 


2 The declination being ginen, to finde 
the day of the moneth, 


Thele two Prop, depend on the making of the Bow. If the 
day be knowne , looke it oat in the backe of the Bow: ſo the 
dcclivation will appeare in the fide. Or it the declination 
be knowne, the day of the moneth is ſer ouer againſt it, 
As if the day of che moneth were the 14 of Iuly : lcoke for 
this day in the backe of the Bow , and you ſhall find it cuer 
againſt 20 gr. of North declination. If the declination 
giuen be 20 gr, to the Southward , you ſhall find the 


day to be either the clcuenth of November, or the cle» 
ucnth of Ianuary- 


3 To find the altitude of the Sunne 
or ſtarres, 


Here it 1s fie to have two running ſights, which may be 
calily moued on the backe of the Bow. The vpper ſight 
may be ſet either to 60 gr, or to 70 gr,or to 8o gr.as you ſhall 
hind to be moſt conuenient 3: the other ſight may be ſer 
on , to aay place betweene th- midle and the other end 
of the Bow. I hen with the one hand hold the center of 
the Bow ro your eye , ſo as vou may ſee the Sunne or 
ſtarce by the vpper ſight, and with the other hand mo- 
ue the lower ſight vp or downe vntill haue you brought one 
of the edges of it to be cucn with the horizon (as when 
you obſerue with the Croſleſtaffe :) ſo the degrees con- 


tained berweene that edge and the ypper fight , {hall ſhew 
the altitude required, | 


Thus 
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Thus ifthe vpper fight ſhall be at 80 gr. and the lower ſight 
at 50 gr. the altitude required is 30 gr. 


6 To fina any North latitude, by the meridian altie 
tugce of the Sunat 4 forward obſervation know. 
ing ether the day of the moneth, or the 
declination of the Sunne, 


As oft as you are to obferue in North latitude, nlace hott! 
the ſights on the tore lide of the Bow, the vpper tighc co the 
declination of the Sunne, or the day of the moncth ar the 
North end, and the lower fight toward the South end, Then 
when the Sunne cometh to the mer dian, tarn® your tac- to 
the South, and withthe one hand held the cuiter of the Bow 
to your eye, fo as you may {ce the Sunne by the vpper ſight; 
with the other hand mouc the lower ſight, vntili you haue 
brought one of the edges of it to be eu n with the horizon? 
ſo that edge of the lower ſight ſhall ſhcw the laticude of the 
place 1n the fore ſide of the Bow, 

Thus being in North latitude vpon the ninth of Ofober: 
if I fer the vpper ſight to this day, at the for tie ai.d Ne rih 
end of the Bow, I thall findit to fall tothe Sourhward of go 
vpon 80 gy. ang therefore at 10. gr.ot South declin.tion, Then 
the Sunne coming to the meridian , I may ſct the center of 
the Bow to mince eye, as it I went to find the a'titude of the 
Sunne, holding the North end of the Bow vpward,with the 
vpper {light berweene mine exearnd the Sunne, and mouing 
rhe lower fight, vntill it come to be eucn with the honzon. 
It here the lower ſight ſhall ſtay at 50 9”. | may well ſay, that 
the latirude is go gr. For the meridian alti ude of the Sunne 
1s 30 gr. by the third Prop. and the Sunne having 10 pr, of 
South declination , the meridian alritude of the zquator 
wou'd be 40 grz and therefore the obſcruation was made in 
$6 gr. of North latitude. 

By the ſame reaſon, if the lower ſide had ſtayed at 51 gr, 
30s, the latitude muſt haye been 5r gr, 30 9, and lo in the 
relt. 8 To 
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s Tofind any North latitude, by the meridian altitude 
of the Farres to the Southward, 


Let the vpper ſight be {ct ro the ſarre, which you intend 
to obſerue, kere placed inthe fore !ide of the Bow. Then hold 
the North end of the Bow vpward, and turning y our tace 
to the South, obſerue the meridian altitude as before : {o the 
lower ſight ihali ſhew the laritude of the place inthe tore (ide 
of the Buw. 

T hus if in obſeruing the meridian altitude of the greac 
Dog-ſtarre, the lower {1ght ſhall ſtay at 5o gr, it would thew 
the latitude to be 50 gr. tor this ſtarre being here placed at 
73 27.48 m, it we rake thence 50 gy. his meridian altitude 
would be 23 gr. 48m». tothisif we adde 16 gr.1 2 mn. for the 
Scuth declination of chis ſtarre, it would ſhcew the meridian 
alcirude of the equator to be 40 gr. and therefore the latitude 
tO be 50 97. 


6 To find any North latitude, by the meridian altitade 
of the ſtarresto the Northward. 


If the Bow be intended onely for north latitudeit may ſuf- 
fice to haue the degrees diuided onely on the forefide, and 
then the ſtarres to the northward :inay be placed cicher on the 
backſide or the infide of the Bow by theſe degrecs : the poie 
ſarre at 87 gr, 20m. neere the 20 day of Seprember, the for- 
moſt gnard at 75 gr. 45 m. the hindmoſt guar,] at 73 gr. 25 7% 
and the reſt according to their declinations befor meationed 
ſothe 96 degree ſhall repreſent the north pole of it world. 

W henany of theſe ſtarres come to be tu che ined. 11 ad 
vnder the pole ſetthe ypper fight co that ſtarre, toia che 
north end of the Bow vpward and turning your face t& :he 
north obſeruc his altitude as before ſo the deorces contained 
between the go degree and the lower | gh: ſhai! thew the ai- 
titude of the pole, 


Thus the former gvard coming to be in the meridian vider 
Oo the 
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the polc if you obſcrue and find the lower ſight to ſtay at 40 
gr. the cleuation of the poles 50 gr. according to the dt- 
{tance betweene 4o and 90. _ 

if you would obſerue any of theſe ſtarres at ſuch time as 
they come to be in the meridian and aboue the pole, you may 
»lace theſe ſtarres in the Bow aboue 9o gr. the north ſtarre 
at 2 gr. 40 99, ncere the fourth day of September the formoſt 
guard at 14 gr, 15 7, the hindmoſt guard at 16 gr. 35 2. and 
juch others as you thinke fitteſt according to their diſtance 
trom the pole : then ſetting the vpper ſight co the place of 
the ſtarre aboue the pole, the reſt of the obſcruation will be 
the lame as before. 

But if the Bow be made to ſerue at large beth in South and 
north latitude then theſe northerne ſtarres would be ler pla- 
ced on the backſide of the Bow by the degrees on that ſide 
according to the complement of their declinations, that the 
north ſtarres may anſwer to the north ſun in ſouth latitude 11 
ſuch ſort asthe ſoutherne ſtarres did tothe ſouth ſun 1n north 
latitude inthe former Prop. This being done let the vpper 
ſight be ſer co the ſtare which you intend to obſerue, h-Te pla- 
ccd on the backe ſide of the Bow. Then hold the North end 
ot the Bow vpward. and turning your face to the North, ob- 
ſcrue the alcitude of the tarre when he cometh to be in the 
meridian and vnder tie pole 2 fo the lower fight ſhall ſhew 
the altirude of the pole in the back (ide of the Bow. 

Thus the former guard coming to be in the meridian vn- 
der the pole, if you obſerue and find the lower fight to ſtay 
at 50 gr. ſuch is the cleuation of the pole, and the latitude of 
the place to the Northward. For the diſtance berweene the 

two ſights will ſhew the altitude to be 35 g7.45 .&-the ſtar 
is 14 gr. 15 . diſtant from the North pole, Theſe two do 
make vp 50 gr. for the eleuation of the North pole,and there- 
fore ſuch is the North latirude. 
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Io To find any South latitude, by the meridian altitude of 
the ſun at a forward obſeruationgfenowing euther 
the day of the moneth,or the declination 
of the Sunne. 


When you are come into South latitude, turne both your 
Gghes co the backſide of the Bow : the ypper light to the de 
clination of the Sun, or the day of the moneth at the South 
end, and the lower fight toward the Northend of the Bow. 
Then the Sun cwing to the meridian, turne your face to the 
north , and holding the South end ofthe Bow vpward, ob- 
ſeruethe meridian alticude as bc fore: ſo the lower fight ſhall 
ſhew the latitude of the place in the backe ſide of the Bow. 

Thus being in South latitude, vpon the tenth of May if 
you obſerue and find the lower lighc to ſtay at 3o gr. on the 
back fide of the Bow, ſuch is the latirude. For the declina» 
tionis 20.27. northward, the altitude of the Sunne betweene 
the two ſights go gr. the alti:ud- of the equator 60 gr. and 
therefcre the latutude 3o gr» 


11 To find any South latitude, by the meridian altitude 
of the Starres tothe Northward, 


Let the vpper ſight be ſet to the ſtarre which you intend 
to obſcrue, here placed onthe backe (ide of the Bow. Then 
hold che South end of the Bow vpward, and turning your 
faceto the north , obſerue the meridian altitude as before 
ſo the lower ſight ſhall ſhew the latitude of che place in th, 
back fide of the Bow. 

Thus being in South laticude, and the former guard com* 
ming to bein the meridian oucr the pole. If you obſerue 
and hnde the lower ſight to ſtay at 5 gr. ſuch is the latitude. 
For this ſtarre is 14 gr. 15 #». from the north pole , the alci- 
tude of the ſtarre berweene the two ſights 9 gr. 15 mw. the 
north pole deprelled 5 gr. andthereforethe latitude 5 gr. to 
the Southward, 

Oo 2 4Ts 
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g Toobſerue the altitude of the Sunne by tle pow 07 
with an Aitrolate, 


Here it is fit to hauea third ſight (like to the horizontal 
Gghr belonging to the ſtafte) which may be ler to the center 
of the Bows» 

If che ſun be neere tothe zenith, hold the Bow as when 
you obler ie with the eAfrolabe, fo as the center beino 
dow:1ward the line A B may be verticall and the line $ N Da- 
rallel to the horizon, then turning one end of the Bow 
toward the ſun you may mou: one of the fights on the 
back ofthe Bow, vntill the ſhadow thereof fall on the 
middle of the horizontall ſight fo the degrees contained be- 
twecne the verticall line 4 B and that vpp.r ſighe 
ſha!l ſhew rhe diſtance of the Sunne froin the 2c. 
nith. 

[f the ſunne be neerer to the horizon , you mav hold 
the Bow ſo as the line S XX, may be verticall and 
the line «AB parallell to the horizon , then obleruing as 
before the degrees contained between the line AB and the 
vppei ſight ſhall ſhew the altitude of the ſun aboue the hori» 
ZOL 


Io To find a ſouth latitude by the meridvan altituze 
of the ftarres to the Southward, 


Letthe vpp*r ſight be ſer to the ſtarre which you intend 
rooblerac which might be here placed on the fore fide of 
the Bow by the complement ot their declinations it we 
knew the true place ot ſuch as necre to the ſouth pole. 

Then hold the ſouth end of the Bow vpward and tur- 
ning your face to che fourh , obſcruc the altitude when he 


cometh to be inthe meridian and vnder the pole fo the 
lower 
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In findine the latitnde, log 
lower ſight ſhall Chew the altitude of che pole in the fore 
fide of rhe Bow. 


11 To obſerue the altitude of the Sunne 
| backward, 


Set thevpper ſight either to 60,0r 70,o0r $0 gr. as you ſhall 
find ir to be moſt conuenient , the lower light on any place 
betweene the middle and the other end of the Bow, and 
haue an horizontall ſight to be ſer to the center, Then may 
you turne your ba cke to the Sunne, and the back of the Bow 
roward your felt:, looking by the lower fight through the 
horizontall fight , and moming the lower ſight vp & downe, 
vntill che vpper ſight doe calit a ſhacow vpon the middle of 
the Lorizona'l fipht : fo the degrees contained betweene 
the two fighes on the Bow, ſhall giue the altitude requi- 

id. 

Thus if the vpper fight ſhall be at 8o gr. and the lower 
fight ac 5027. the altitude required is 30 gr. as in the third 
Prep. 

Or if you tourne the oth:r end of the bowe vpwardand 
ſer the vpper ſight to the beginning of the quadrant an: 
then oblerue as before, the lower fight will (hew the altt- 
rude, 


12 To find any North latitudc by the meridian alli» 
twde of the (un at a ba:keobſeruation, kno- 
wing either the day of the moneth, 
or the declination of the 
SWATe. 


Place your three ſights as before onthe fore ſide of the 
Bow : the vpper ſight to the declination of the Sun , or to 
day of the moneth, at the North end ; the lower fight to- 
ward the South end of the Bow ; and the horizoncall ſighe 

Oo 3 to 
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to the center, Then the Sunne coming to the meridian, tur- 
ne your face to the North, & holding the North end of 
che Bow vpward , the South end downeward , with the 
back of it toward your felte , obſerue the ſhadow of the 
vpper ſight as in the former part of the , 5 Prop. fo the 
lower ſight ſhall ſhew the latitude of the place in the fore 
lide of the Bow. 


Thus bcing in North latizude vpon the ninth of Otc= 
ber , if you obſerue and find the lower ſight to ſtay at 
50 gr. on the fore ſide of the Bow , ſuch is the latitude. 
For the declination is 10 er. Southward , and the altitude 
of the Sunne betweene the two ſights 30 gr. the alti- 
tude of thecquator 40 g7+ and therefore the latitude 5o gr, 
as 1n the {ixth Prop. 


13 . Tc find any South Iatitnde by the meridia); 
altitude of the ſun at a back obſer- 
wation , knowine either the day 
of the maneth, or the de- 
clination of the 
Sunne. 


When you obſerue in South latitude, place ycur three 
ſights on the backe {ide of the Bow : the vpper lighr ro 
the declination of the Sunne , or the day of the moneth at 
the South end ; the lower ſight toward the North end of the 
Bow, and the horizontall ſight to the center. Then the Sun 
coming to the meridian , turne your face to the South , and 
holding the South end of the Bow vpward , with the backe 
of ir toward your ſelfe,obſerue the ſhadow of the vpper ſight 
as before: ſo the lower fight ſhall ſhew the latitude of the pla- 
ce inthe back ſide of the Bow. 


Thus being in the South latitude vpon the tenth of May, 
if you obſcrue and find the lower ſight to ſtay at 30 gr.on the 
ba cke of the Bow, ſuch is the latitude of the Sunne berweene 

| t he 
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the ewo fights 40 gr. the altitude of the equator 60 gr, and 
therefore the latitude 30 grs at in the ſeuench Prop. | 


14 Tofind the day of the meneth , by knowing 
rhe latitude of the place, and obſeruing 
the meridian altitude of 
the Sunn, 


Place your three ſights according to yo.r latitude; the ho- 
1izontall fight to the, center , the lower light to the latitude, 
and the ypper ſight among the monerths. Then when the 
Sunnc cometh to the meridian, obſcruc the altitude, looking 
by the lower fighe through the horizonrall , and keeping the 
lower fight (till at the latitude , but mouing the vpper light 
votul it giue ſhadow vpon th. middle of the horizontal fight; 
wy vpper (ſight ſhall ſhew the day of then vneth requi- 
TI. Cs 

Thus in our latitude if you ſet the lower fight to 51 gr. 3© 
2», and obſcruing finde the alcitude of the Sunne betweene 
that and the vpper ſight to be 28 27r, 30 ». this vpper ſigh 
will fall ypon the ainth of Oktober, and the rweltth of Fe- 
bruariz. And if yet you doubt which of them two is the day, 
vou may expect ano:cher meridian alticude ; and then if you 
tind the vpper fight vpoa the tenth of O:tober , and the ele- 
uenth of Februaric, the queſtion will be ſoone reſolucd. 


15 To findthe declination of any vnknowne flarre, 
and ſo to place it on the Bow , kno- 
wing the latitude of the place, and 0b - 
ſeruine the M:criatan altitade 
of the Starre, 


When you find a Rtarre in the Meridian that is fic for ob- 
ſcruation, Set the center of the Bow to your cye,the = 
t 
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ſight to the laticude, and moue the vpper fight vp or downe 
yntill you ſee the hotizon by the lower ſiyhr , and the ſtarre 
by the vpper ſight, then will the vpper fight ſtay ar the de- 
clination and place of the ſtarre, 

Thus being in 20. gr of North latitude , if you obſerue and 
find the meridian altitude of the head ot the Croficr to be 
14 gr. 50, The vpper ſight will ſtay at 34gr. 50 m.and 
there may you place this ſtarre. For by this obſcruation the 
diſtance of this ſtarre trum the South pole ſhould be 34 gr. 
5o and the declination fromthe equator 55 gr, 10 wv. And 
{o forthe reſt: 

The ftarres which I mentioncd before,do come to the me- 
ridian in this order, aftcr che firit potnt of Ares, 


16 To find any north latitude on lavdby ebſeruation 
with thread and plummet, 


Set the ſight to the day of the moneth at the fore ſide and 
ſouth end of the Bow: then when the fun cometh to the 
meridian turning the north end 11 your leſt hand coward the 
ſouth , ſo as the ſight at the center may fhadow the ſight 
at the day , obſcruce where the thread falleth and abate 20 27. 
If it fall on 70 gr. thelatitude is 50 gr. If on 71 gr.agom, in 
the latitude is 51 gr. 30 in, And fo 1n the reſt 

If the Bow had ben made onely for finding the latitude on 
land I might then hauec fer ſuch numbers to icas needed no 
allowancc, 


17 To find any ſouth latitude on land by obſeruation 
with thread and plummett. 


Set the ſight to the day of the moneth at the back ſide and 
north end of the Bow , and when the ſun cometh to the me- 
ridian turning the fouth en di your leſt hand toward the north 
obſcrue as betore, and abate 20 degrees. - 
-. I 
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Or you may ſet the ſight to the day of the moneth at the 
fore fide andnorth end of the Bow, and fo obſcruing as be- 
fore, thechriad will fall on the complement of the latitude, 


He, Ms, | Ho. #6. 
The pole flarreat © 29 The lienshart ps «<t 
The rams head 3 46 Thepgreat bearesdbacke 1 4 42 
The head of Meduſa * 44 Firſtingr beares taile ne z7 
The fide of Periews 2 $58 . The Vuginsſpike = FL x 
The buls eye, 4 25 Seccndingr,bearentalle xx gy ky 
The goatre 4 49 Third iugr,bearcntaile ng 37 } 
Orions left ſhoulder 5 5 ArQturus 13 58 | 
Octoats the firſt $ 13 The formoft guard 14 52 'F 
bed jw the ſecond 1 17 The North crowne 15 19 of 
BO" cherhvrd 5 32 Thehindmoſtguard us 2F 4 
Orions right ſhoulder s 35 Scor yaw hart 16 7 4 
The great dog 6 29 | Theharpe 18 34 | 
Caftor 7 10 Vulturs hart 19 37 
The little dog 7 20 Swans tailc 20 »s 
Follux 7 22 Fomahant 3» 39 
The Hydra'shars 9s #l | | 
Pp \An 
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Anus 1635. R, Aſeen,| Decline Declins 'M,Cephens 
Pole ltarre 5 787 20 2 [Gi 
28 87 20 2 |Girdle 320 5216 
- 294 28 86 35 4 || : 
Lit:le bearc. [ys _— | 
ae oy 22 4 |K& ſhould | | 
$479 © 4+ Lett. ſhould 
Firſt guard 46 4470 30's Head | | 
Second guard a tcp hel Thizh 4 | 
5 ; $4 
Gr. bcarc 3 % _ XL. : | 
Saout 5 | [Right foor | 
eye an g0, 49'4 [Left foot | 
IG Joſe 39.4 
Forc:: cs Wo _ 52 
In cad 4 26 go'68 _ Draco 454+ ſs 
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THE THIRD BOOKE. 


of the vie of the lines of Numbers, 


Smes and Tangents for the drawing of 
Hloure-lines on «ll ſorts of Planes, 


HERE arecten ſcuerall ſorts of Planes, which take 

[ their denomination from thoſe great circles to 

which they are pazallels, and may ſuthciencly for our 

vic be reprefenicd inthis on. fundamentall Diagram 
and be knowne by their horizonrall and perpendicular lines, 
of tuch a» know the latitude of the place, and the circles of 
the iphzre. 

I An horizontall plane parallell to the horizon, here re- 
preſented by the outward circle E SW N; 

2 A verticall p'ane parallell to the prime verticall circle 
which paileth through the zenith a;.d the points of Eait and 
Weſt wrthc horizon, andis righc to the horizon and the 
meridian; that is, maketh right angles with them both, This 
15 repreſented by E ZW. 
| 3 Avolar plane parailell tothe circle of the houre of 6, 
which paſlcth through the pole and the points of Eaſt and 
Weſt, being right ro the Equino/tiall and the Meridian, 
but inclining to the horizon, with an angle equall io the la- 
titude, This 15 here reprefented by E PW. 

4 An xquinoQaall plane parallell to the EquinoQtiall, 
which paſleth through the points of Eaſt and Welt, being 
right tothe Meridian , bur iaclining to the Horizon, with 
an a!1gle cquall tothe complement ot the latitude. This 1s 
here repreſented by E A W. 

5s Averticall plane inclining to the horizon, parallel] to 
any great circle, which pafſeth through the points of Ealt 
ard Welt, being rightto the meridian, but inclining to the 
horizon, and yet not paſſing through the pole, nor parallel 
Pp 2 co 


The deſlinition of Planes, 
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the equinotiall, This is here reprete:ites either by Z 1, 
or E7w#,or E LW, 

6 Amecricianplanc paralicll to the meridian, the circle 
»f the houre of 12, which paſſeth through the zenith, the 
Pole, and the points of South ard North, being right tothe 
11014Z0N, and the prime verticai. This is here repreſented Dy 
SZ XN. 

7 A meridian plane inclining to the horizon, parallell 
to any great circle, which paſlcth through the points of 
$0 :th and North, being right to the prime verticall, but in- 
clining 


To find the inclination of a Plane, 117 


n_ to to the horizon. This is here repreſented by 
8 A verticall declining plane, pacallell to any great Cir- 
cle, which paſlech through the z2nith , being right to the 
horizon, but inclining to the meridian, This 1s repreſented 
by BZD. 7 
} 9 Apolar declining plane, parallell to any great circle, 
which paſſcth through the pole, being right to th: equino- 
Qiall , bur inclining to the meridian. This is here repreſgn- 
ted by HP ©. 

10 Adecliningiaclining plane, parallell to any great cir- 
cle, which is right to none of the former circles, but decli- 
ning from the prime verricall, and inclining both to the ho- 
rizonand the meridian, andall the houre circles. This may 
be here repreſented cither by BMD, or BFD, or BKD, 
or any ( reat Circle , which pſſeth neither through the 
South and North, nor Eaft and Weſt points, nor through the 
zenith nor the pole, 

Each of thele planes ( cxceptthe horizontall) hath two 
faccs whereon houre-lines may bedrawne.; and fo there are 
19 plance in all. The meridian plane hath one face to the Eaſt, 
and another to the Weſt: the other v<rticall planes hauec oue 
tothe South, and another to the North , andthe r«ſt one co 
the zenith , and another to the nadir; but what 1s ſaid of the 
one, may be vnderitood of the other . 


To deſcribe the ſundamemtall Diagram, 


The deſcription of this diagram is ſet downe. at large in 
the vic of the Sefor Pag. 65. bat for this purpoſe it may 
laffice if it hauc the ver:icall circle , the houre circ'cs , the 
equator and the tropiques firſt drawne in it , other 
circles may be ſupplyed afterward as-we ſhall hauc vſc 


of them. And thoſe may be 1cadily drawne in this ma- 
oere. 


Let the onward circle repreſenting the horizon be drawne 
Pp 3 and. 
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and dinided into foure equall parts with SN the meridian & 
EW the verticall and each fourth part into go gr. Tha: done 
lay a ruier to the poynt $, andeach degree in che quadrant 
E N, and note the interſections where the ruler crotieth the 
verticall, to ſhall the ſemidiameter EC be diuided 1nco other 
9: gr. and from thence the o:her ſemidiameters may be dt- 
midcd in the fame fort. Thele may be numbered with ro. 20 
39. &c. from E toward C, and for varietie with 10.20. 30, 
&c.trom C toward W. But for the meridian the Sourh ; art 
would be beſt numb-red according to rhe declination from 
the equator andthe North part according to the diftance trom 
the pole. 

Then with reſpeR vnto the latitude which here we ſup- 
poleto be 51 gr.z0m, Open the compaſlcs vnto 38 9r.30 ms. 
trom C toward WF, and prick them downe in the meri- 
dian from ({* vnto P ſochis poine P ſhall repreſent the 
pole ot the world, andthrough it mult be drawne all the 
houre ciicles. 

Hauing three points E, P,W, finde their center which 
will fall in the meridiana little without the point S, and 
draw thcm into « circle EP W, which will be che circle 
oft the houre of 6. 

Through this center of the houre of 6, draw an occult line 
at length paralle|l ro Eto this line {hall containe the centers 
of all the other hourc circles, W hererthe circle of the houre 
of 6 crofleth this o-cul: line , there will be the centers of the 
hourecircles of 9 and 3. 1 he diſtance berween thele center s 
of 9 and 3, will be cquall to the ſemidiameters - t the houre 
circles of 10 and 2. And wherethele two circies of 10 ad 2 
ſhall crofle this occult line there wiil be the centers for the 
houre circles of 11 & 7 & 5 and 1. Againediuide the diſtance 
between the centers of 10 and 2, into three eq..all parts,fo 
the feet of the compaſſes will reft in rwo points : the one 1s 
the center of the houre circle of 8, and the oriier the center of 
the houre circle of 4. & the extent of che c:1mpaſles to one of 
theſe third parts ſhall be the true ſcmidiamerer of theſe cir- 
cles if there be no error commitred in the finding of the 
other centers. The 
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The houre circles being thus drawac, take 51 gr. 30 w,trom 
{coward W and prick them downe 11 the Sourtit part of r3c 
metidia" from C vm:o A, a: d bring :hethird point E, A, 
into acircle this circle to drawne ihal! repreient rhe equa= 
tor. 

The tropique of S is 23 gr. 39mm. abone the equator , and 
66 gr, 30mm, Giltaiit irom 'he pole-and fo in this iaticud- 18 
will croflc che omh part of the :r:cr101an at 28 gr. from the 
zcnith,and the Nunhp.rcotth- incridian at 15 oy. below che 
horizors Fake therforc 28 27, tro Crowara# & princk them 
downe 1 ihe meridian t 0.n ('vito £.'o haur you the, Sourh 
inteiſe. tion, T henlay che ruter ro the porve E & 15 gr. 1a the 
quadrant NE numbered from N,roward F,m: now where 
1. crſcth the meridian, fo ſhail you han: che Noh tnterie- 
6t:0n. The halte way between rhe ce two micri. ons wal 
fallun the o eridian at thepoint a aaa, & th. circ'e drawne 
on the center a, and ſemidiamet.r a £, hall repictent 
the tropique ot &, and here crofl: the horiz n betors 4 
in the morning & after $ 11 tte encning, about 49 gr» 
nortwhard from E and 7Y. according :o the rictag aid 
kerrifg: of tie ſun at his carrance info. 55, 

The tropique of W is 23 gr. 30mm. below the equator,& 
123 £7. 30 m.diltant from the north pole , fo that 1n this latt- 
tude ut crollech the South part of che meridian at 75 2. tiom 
the zenith, and the north parr of che meridian at 62 gy. below 
the horizon. Take thertore 75 gr. from C roward \V, and 
pricke them downe in the mer:dian from C vaco T to have 
you the South interſetion, then 'ay the rule: to the point E 
& 62 grain the quadrant AE numbered from N coward E 
and note where 1t crofſeth the meridian,fo ſha'l you haue the 
Northniter ſcion, The halfe way between thele two incer- 
{cons ſhall be the center whercon you may dei@ibe the 
tropique of Y, and this tropique will.crofle the horizon atccr 
8 inthe morning and before 4 in the cuening , about 40 g 7+ 
ſourhwardfrom E and W .according to the riſing and ſerting 
of the ſun at his entrance into W. 


To 


To find the declination of a Plane. 


To find the inclination of any Plane. 


For theidiſtinguiſhing of theſe Planes we may finde whe- 
ther they be honizonrall, or verticall , or inclining to the ho« 
11z0n, and how much they incline , either by the vſvall incli- 
Nnatorie quadrant , or by fitting athread and plummet vato 


the Sefor. 
For let the Seftor be opencd to aright angle, the lines of 


S$ines to an angle of 92 gr. the inward edges of the Sefor to 
99 gr, and let a threadand plummet be hanged ypoa a linc 


ll 
ll 


WE 


Ul 
ill 


pin 
| | | ll I 


ſ1 
| 
U 


—— 2 = —— £ 
OMEN FAY. LOL JL JH 
== "WIMELDLOIIH] DD - => >> 


_ _ = h, — — _ ==> > 
— LL IDE — RRIDD ww. 
CO cle pe Ce Ee en EE GE EE Ae neem ore ——EOOER— W_—_— OO OI 


parallell to the edges of one of the legs, ſo thac leg (hall be 
verticall,and theqother leg parallell to the horizons , 
/ I 


x 


To find the inclination of a Plane, I21 


If the plane ſeeme to be verticall (like the wall of an vp- 
right building) you may tric it by holding the Seftor, fo thar 
the thread may fall ypon bis plumer line. For then if the 
verticall edge of the Seer ſhall lie cloſe to the plane, the 
plancis erc& , and therefore ſaid to be verrticall; and if 
youdraw a line by that edge of the Se&or , it ſhall be a ver- 
ticall line, 

If the plane ſceme to be levell withthe horizon, you may 
trie it by ſecring the torizontall leg of the SeRor to the. 
plane, and holding the other leg vpright: for thenifthe 
thread ſhall fall on lis plummer line, which way ſocuer you 
turne the Sefor , it is an horizontall plane. 

It the one end of the plane be higher then the other, and 
yct not verticall, it is an inclining plane , and you may 6nd 
the inclination in this manner, 

Firſt hold the verticall leg of the Sefor vpright,and turne 
the horizontall leg about, vntill it ie cloſe with the plane, 


+and the thread fall on bis plummet line fo the line drawne 


by the edge of that horizoncall leg , ſhall be an horizontall 
line. | 

Suppoſe the plane to beB GE D, andthat B D were thus 
"Bhos to be the horizonrall line vpon the plane then may 
youcrofſe the horizontall line at right angles with a per- 
pendicular C F ; that done, if you ter one of the legs of the 
Settor ypon the perpendicular line C F , and make the other 
leg witha thread and p'ummect to become verticall, you ſhall 
haue the angle betweene the verticall line and the perpen- 
dicularou the Plane, as before inthe vic of the Seftor,pag. 50. 
and the complement of this angle is the inclination ol the 
planc to the horizon, 


To find the declination of 4 Plane. 


The declination of a Plane is alwayes reckoned in the ho- 
11zon betweene the line of Eaſtand Weſt, and the herizon- 
tall line vpon the plane. As in the fundamentall Dia , 
the prime verticall line (which isthe line of Eaſt and Net) 
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is E C W, if the horizontall line of the plane propoſed ſhal be 
B { D. the angle of declination is E C B, 

But becauſe a Plane may decline diuers wayes, that we 
may the better diſtinguiſh them, we conſider three lines be= 
longing to euery Plane: the firſt is the horizonrall line ; the 
ſ.cond the perpendicular line , croſſing the horizontall at 
right angles ; the thirdtche axis of the plane, croffing both 
the horizontall line, and his perpendicular, and the plane it 
{clte at right angles. 

The perpendicular line doth help to find the inclination 
ofthe plane as betore., the horizontall to inde the declina* 
tion, the axis to giue denomination vnto the plane, 

For example,in a verticall plane in the tundamentall diagram 
repreſented by EZW,the horizonrall linc is ECW, the tame 
with the line of Eaſt & Weſt,& therefore no declination;rhe 
perpendicular croiling it 1s CZ, the ſame with the verticall 
line,drawne from the cenrer to the zenith,right vnto the hoe 
rizon,and ther: fore no inclination. I he axis of the plane is 
SCN, the ſame with the meridian line, drawne from the 
South to the North, and accordingly giucs the denomina- 
tion to the plane. For the plane having two faces, and the 
axistwo poles, $ and N; tne polc $ falling direRly into the 
South , doth cauſe that face to which it 1s next to be called 
the South face z and the other pole at N, pointing into the 
North, doth gine the denomination to the other tace, and 
make it to be called the North face of this plane. 

Inlike manner inthe declining inclining plane in the funda- 
mentall diagram repreſented by B F D,the horizontall line zs 
B C D,which croileth the prime verticallline # { #,& ther- 
fore it is cal/ed a declining p'ane,accord'ng to the angle of de. 
Clination ECB or W C D. The p:rpendicular to this horizon- 
tall line 1s C F, where the point # falleth in the plane 27 H 
perpendicular to the plane propoſed , berweene the zenich 
and che North part of he horizon , and therefore it is called 
a plane inc'ining tothe Northward , accord: ig to the arke 
#F 9. ortheangle FC ©. The axis of the plane 18 here re- 
preſented by the line C X, where the poke K is 90 gr. ay 
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To find the declination of « plane. I23 


from the pare, ard fois 25 rn vchatcucihe horizon at H, 
art dihc «cher poet much belcw thc Forizen at Q, as the 
plaucat Þ 1 Ciffant tice the 24unthi arc this pete K hue 
falling be. weene the neriGianard tle prine vertical Cicle 
into the Sek welt part cf the weald,, this vpper tace of the 

lare is ther: fe16 Called ihe SeutEwelt tace, widilke lowe 
the Nonhealt face ot the p lar, 

T he declnaticn trom the prime verticall may be feurd 
by the ne« dic 11. the viuall incluatoine Quaciant, or ratl er 
by « c1r a1:Dg the horizontal lite dice vpon the plane 
with bc az.6.uth of the Surve aid the meridian live, in 
{uch tort as betcrc we four. d the variation oft the megreticall 
necdle, For take any cord that lath one {ide ns and 
dr+w asin the lai! diagram the hive HO parallcl to that fide, & 
the line Z Mp.rpirdicular vntoit,and on the center Z make 
a ſemicircle H M O:this dore, bold the boord to the plane, fo 
as 1 C way be parallc| to L D the horzzcnallline on the plane 
& the bco d parallel ro the horizon;then the Sun ſhining yp= 
on it, held ou” att.1cad and plummer, fo as the thread ben g 
ve: ticall, rhc ſhadow of the Sunne may tall on the center Z, 
ai d draw the line of ſhadow A Z repreſenting the common 
{c{1cn, which the Az muth of the Sunne makes wih the 
plane of the he1420n, at dlet another take the altitude of the 
Sunne «t che lame 11ſtauc : fo by 1teicluing a inavgle, as [ 
ſhewed before pag. 65 you may find what Azimu h the Sun 
Was it; when he gau. ſhadow vpon AZ. 

Suppote the azimuth to be (a+ before pag. 64.)72 gr. 52 ”. 
from the North to the Weſtward, andthereforc 17 gr, 8 mv. 
from the W. ſt, we may allow theſe 17 gr 8 m. from +A vato 
V, ai ddraw the line Z /, and fo we haue the tru» Weſt port 
of the prime vcrt'call line 2 then ailowirg 9o gy. trom Y va- 
to S, we hauc the South point of the meridian line Z 5, 
and the angle HZ V ſhall giue the d:clination of the plane 
from the verticall, and the angle O Z S the declination ct the 
plane from the meridian. 

Or we may take out onely the angle AZ H, which the 
line of ſhadow makes with che borizantall line of the plane, 

Qq 3 and 
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aid compare it with the angle A Z Y , which the line of ſha- 
dow makes with the yrime verticall. And fo here if AZY 
the Sunncs Azimuth thall be 17 97.8 mn. paſt the Weſt, and 
yet the linc of ſhadow A Z 7 gr.12 mn. ſhort of the plane, the 
dec'inationof the pianc ſhall be 24 gr. 20 m, as may appcarce 
by the lite of the plane and the circles. ; 

itche altic1de of the Sunnc be taken art fuch rime as the 
ſhadow ot che thread fallzthonBDorHO, ard then a tri- 
anylc relolued, the declination of the plane will be ſuch as 
the Az murh ot the Sunne from the prime vertical!. 

If at fuch atim= as the ſhadow falleth on A1Z, the cecli- 
nation will be ſuch as the Azinuth of the Sunnc from the 
incridian. 

If it be a faire Summers day you may firlt finde what alti- 
rude the Sunne will have when hz cometh to be due Ealt or 
Welt, and then expe vnrill he come to that altitude; lo the 
declinarfon of the plane ſhall be ſuch as the angle contained 
berweene theline H O andche line of the ſhadows 


Hauing diſtinguiſhed the Planes, the next care will be 
for the placing of the ſtyle and the drawing of the houre- 
lines. 

The ſtyle will be as the axi4of the world , ſometimes pa- 
ralle1to the plane, ſometimes perpendicular, foinztimes {cut 
the plane with oblique? angles. t 

T he houre- lines will b. either parallell one to the other, 
or meete in acnter wich equall angles, or mee'c with va- 
equa'l anz!es. It che ſtyle be perpendicular roche plane, the 
anglesat the center will be equall ; and this falls our on.ly 
in the South and North face of an equino Tall plane : if the 
ſtyle be parallel to the plane, the houre-lines will be allo pa- 
rallel! one to another; and this falls out 11 all polar planes, 
as in the Eaft and Weſt meridian planes parallel ro the circle 
of the houre of 12, in the ypper and lower dire& polars pa» 
rall:llto the circles of the houre of 6, andin the vpper and 
lower declining polars which are parallel to any of the other 
houce circles, | 


But 
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But in the horizontall and all other planes , the ſtyle will 
cut the plane with an acute angle , and the houre lines 
will mcet at the root of the ityle, and there make vne- 
guall angles, 
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CHAP. I. 


To draw the houre-lines in an equi- 
noftiall Plane. 


A* equinoQia'l plane is that which is parallell to the e- 
quinoRaall circle here repreſented by £4 Y,wherein the 


1:6 Thedeſcriptiondf the howre lines 


ſpaces betweere the houre circles being equall, there isno 

need of fuithir precept, butorely todraw ac:tcle ard to di- 

uide it into 24 cquall parts forthe 24 houres, and ubdiuide | 
each houre into halucs and quarters , and thei; to ſe: vp the | 
ſtyle perpendicular to the plane in the cenier of the cucle. : 
The <!p which theſe lines of proportion doc here affourd vs, 
15 on: ly in the diuiſton of the circie, which may be done rea- 
dily by that which I ſhewed before, Pag. 29. 

For example , fuppoſc the ſemidramere: of the cquinoQiall 

Ciicle to be fix inches, and that it were required to know 

the diſtance of che h« ure-points cach from other; here each 

houre beivg I 5 gr. d ſtant from other, | extend the compal- 

ſes from the fine ot 30 gr. vnto the ſine of 7 gr. 30», the 

haltc of 15 gr. and | findthe fame extent to reach in the line 

of numbers from 6.00 vnto 1.56, 


Or in crofle worke I extend thern from the ſine of 3o gr. 
vnto 6.00 in the line of numbers, the faire extent will reach 
from the ſine of 7 gr. 30 #.vnto 1.561n the linc of numbers; 
which ſhewes that ina circle of fix inches ſemidiameter,the 
diſtance of the houre-points cach from other will be about 
x inch and 56 cente/mes or parts of 100, The like reaſon 


holds for the iaſcribing of all - wg chords in the Prop. follo- 
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The deſcription of the haure lines 
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CHAP. II, 


To draw the boure-lines in a dire 
polar plane. 


' A DircApolar plane is that which is parallell , 


to the hcure of 6, here r- preſented by 
E © W, wherein the ſtyle will be parallell to the 
plane , and the houre-ltnes parallell one tothe 
other , and therefore may be beſt drawne by 
that which 1 haue ſhewed inthe vle of the Se- 
Hor. They may be alto drawne by the helpe of 
thele lines of proportion, in this mancr- 

Furſt draw a right line W E for the horizon 
and the zq ator, and crofle it at the point C, a- 
bout the midle of the line with C B another 
rightlinc , which. may ſerue for the meridian 
and the houre of 12, and muſt alſo be the ſub- 
ſylar line whercin the ſtyle ſhall ſtand. T hen, 
to proportion the ſtyle vnto the plane , confi- 
, der the length of the horizonrall line , and what 
| hourc-lines you would haue to fall on -your 

Plane. * 
Far the diſtance of any one hcure-line from 
the me _u being knowne, we may finde both 
: the length of the ity.e and the diſtance of the 
reſt «becauſe, + 


5 As the tangent of the houre giuen , 
p isto the diſtance from the mcridian 
So the tangent of 45 gr. 

tothe height of the ſtyle. 
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128 in 4 polar Plaxe. 
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l} Suppole the length of the. horizontall line tobe 12 in- 
| ches, and that it were required co put on all the houre-lines 
from 7 inthe morning vnto 5 in the evening. Here we 
have 5 houres and 6 inches on either fide che meridian. 
Wherefore 1 allow 15 gr. for an houre, and extending 
the compaſſes from the tangent of 75 degrees T find 
the lame extent to reach in the line of numbers from 6. co 
to about 1. 61. This ſhewes both the heighr of the ftyle, 
| and the diftance of the houre-points of 9 and 3 fromthe 
if mcridian to be 2 inch, 61 parts. 
3 q : 
mn To find the length of the 7g betweene : 
the ſubitylar and the howre. , j ; : 


pornts. 
ir Y 
| As the tangent of 45 g: s \ 
| to the tangent of the houre: > 
4 Sothe height of the ſtyle C221 Eon 
Th to the length of the tangene line berweene the ſubſtylar 
1. - andche houre-ponts, 


| | 
| | Thusſauing found che length of the ſtyle in our m_ 


_—_— 


ao 44.9% 


CLOS 


% © 
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ple to be 1, 61, if | extend the cowpaſſes from the tangent of 
45 gr.vnto the tangent of 15 gy.the mealure of the firit houre 
from the ſubſtylar, I ſhall find che fariic extent to reach in the 
line of numbers tromT1.61 ynto 0.43,tor the length ot the tan 
gent betweene the ſubſtylar and the houre- points of 11 and 
t. [tI extend them from the tangent ot 45 g7. vnto che 
tangent of 75 gr, the mcaſure of the fift hovre, | ſhail finde 
them to reach in the line of numbers F576 Tang, 
from 1-61 vnto 6.00, tort!clength of $ paFo Tacg 
the tangent from the ſubſt/lar io che - = = 
hourc-pornts of 7 and 5, For howloever KEY I | 
it be the ſame diſtant in the line of tan= 77+ 1115 ©0 43] 
gents from 45 vato 75, , as from 45 vnto 10,2 
Is; yet becauſe 75 arc more, ard 15 leflc 
then 45, the tangent lines that aniwer 
to them wil be accordingly more or letile 


then the length of the ſtyle. 6.6190 cuki.! 


Againe, if I extend them from 45 gr. 11 the tangents vato 
30 gr, the mealure of the {.co:;d houre, I ſhall finde the n co 
reach in the line ot uwmbcer- fr.'m x. 61 vnto ©. 93 tor the 
houre of 10 and 2; 1t1 extend cheim trom the tangent of 45 
gr.ynto the tangent of 60 gy.tor the tourth houre, . (hall fiud 
chen toreach in the line of trambers from 1.61 vnto 2 79, 
and {uch is thelengrth of the tangent line fiom the ſubſtylar 
vnto the houre of 8 and 4. And che like reaton holdeth for 
the inſcribing of all other tangent lines in che propoſitions 
following. 

Bur for ſuch tangents as fall vnder 45 77. I may better vie 
croſle worke, and extend ihe compaſics trom the tangent of 
45 2r.vnto 1.61 inthe line of numbers , ſo ſhall I finde che 
ſame extent to reach from 30 gy. inthe tangents, to 93 parts 
inthe line of numbers, foc thc diſtance of the tecond houre, 
and from 15 gr. inthe tangents to 43 parts for the diſtance 
of the-fir{t houre from the meridian. 


. Rr Or 


—_ « 
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Or ifthis exten! from 45 gy. backward to 1,61 be too large 


for the compaſſes, I may extend them forward from the tan- 
gent of 5 gr.43 co 1 61 parts in the line of numbers,& the 
ſame extent ſhail reach fiom 15 gr-19 the tangents,to 43 pirts 
in the line of nu bers, tor the diſtance of tic firft houre; a1d 
from 30 gy. to 93 parcs, for the diſtance of the lecond houre, 


2> bctorc. f7 
Hauing found the length of the tan- | tz Ang Po!Tang., 
went lincs 1” inche> and parts of inches, | = \ Fg 
bo L | & jwT, 21 in. A 
and prickcdthem in the zquaror on both |—| —- | —- — 
ſides of the menid-an, tromthe center C; |_®) __%__ _ © 
it we draw right lines through each of 3 45 $65] 
pov. of 
thoſe punts, croiling the zquator at 7 30| 1 32} 


right angles, they ſhall be the houre- 
lines required; and ir we fer a ſtyle oucr 
the meridian , foas the edge of it be pa» [18 
rallel to the plane, and the height of it 22 
be as much aboue he meridian as the di- 26 
ſtance between the meridian and the | g 29 


houre-points of 3 or g, it ſhall repreſen 133 

the axis of the world. ard bc truly placed 2 
for the :aſtivg of th. ſhadow vpon the wa 
howc-luncs un a polar plane. | Fas 
| !48 
CHAP, III. We 

| 

'6 

: ; A. 
To draw the houre.lines in a 10/60 

Py 6 
meridian plane. 67 

Eo 
A Meridian plane is that which is pa= 17 75 
ralle]l ro the meridian cncle in the | 78 


fundai! entall diagram repr. tented by SZ | B82 


* N; ithathtwo faces, one to the Eaſt, | $5 
arid the othcr to the Weſt; in each of [1250 oj:nfin. 


them the Rylc will be parallel! to the 


(It 15! I 93} 
| 7ils of 2 68 
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zo! 
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7© 
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4 14] 
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plane 


in «meridian Plane, © © om90 
plate; and the houre-line parallell oneto the other, as in @ . - 
polar plane , the difference being onely ia the placing of the 
equator and in numbring of the huures. 

For in theſe meridian planes hauing drawne on occult 
verticall line { Z, and an occult horizcnrall life C N, crolling 
one the other at right angles in the point C, che zxquator A C* 

j will cut the verticall wich an angle Z C A, equall to the latt- 
F tude of the place 3 then may we crofle the zquator at right 
angles with the line C B tor the houre ot 6, and trom this lee 
| \ oft the houre-polnts in the zquator as in the former Prop, 


For ſuppoſing the length of the ſtyle CB to be ten in- 
ches , the length of therangent line belonging to the firft 
houre wil be 292468 p, the length of the ſecond 5 1n77 p. as 

Rr 2 in 


- 


TEC 
132 


are numbred from the meridian, 
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»--/4n the Table, Then the tangent of I5 £7» being prickt downe 
in the zquator on both ſides from 6, (hal ierue for the 
hboures of 5 and 7, and the tanguit of 30 gr, for the houres 
of 4 and 8, and tfoin the reſt. This done , 1f we draw 


— 


wc 
as. & -- x <6 * rightlinesthrough cach of thele poinrs, croiling the Toms ? 
26a = tor at right angles, they al be the | Bs > 4 | 
[9.7 {5 hHoure lines required: andif we fe: a |Latitud Fr 5: F 
, _ {tyle oucr the houre of 6, fo as the ZAng.Po | Art.Pla.; 0 
IE . edgecotit may be parallell tothe plane, © |, x7 Ye" | 
—— OS YO . A = 4-4 » iQ, i aITlb M.! q 
Cv, 17-+- aid the height of ir way b- quail 7; IHE 
"2x - £2: to the diſtance betweene the honres hi ; C1 ut | 
4 «*r:ot 6 and 9 in the zquator, itthall | | 3 4, > 5} 
1% repreſent the axis of the world , and | / 4a 38 
= > be truly placed for the caiting of the | jj) 25; o $1 
y : thadow VP3;n the houre-lines in a [—-|*5___2.15 50 
| Y {4 M<:dlan plane, 1s 4514 52 
_ + | j*2 3017 $7] 
| | — = 26 I5 21 6| 
& | | 2|2 | 5 
+ CHAP. 1. i 
Bt 45}*7 3| 
By - - 137 3ojzl © 
To draw the houre-lines in an (41 15134 25 
horizontall plan, |, >... DM; 
b : 43 45/41 45. 
7 | A: ho:1zonal! plane is that which - C. ox... IV! 
WW 7 4 is paralici! tothe JOTIZO!N , FEDTe- Fs "5 49 ”o) 
_—_ ſenced ia the fardamentail diagram by —>—®P 3 3} | 
F, the curward circle Z SW XN, in 03 $3117 47 | 
7 which the diameter $ XN, diawne  ©7 35/2 © 
from the South to the North, may | . 7* 15156 33 
go both for the meridian line and the | 75___71___6 
meridian circle, Z tor thez:nith, Þ | 75 45|'5 45 
for the pole of the world, and the | >> zo|8> 25 
circles drawne through P tor the | |S 15185 I3 
houre-circles of 1. 3. 3. 4. &c. asthey |_699___ cig9 © 


in an horiZontall Plane, 133 


\Theſe are equall at the poie and at the #quator but yn=- 
equally diſtant atthe horizon, the diftance berweer thewe- 
ridian and the firit houre being no: full 12 gr, che diſtance 
between the fift and (ixth houre aboue 18 gr. which incqua- 
liry bring obſerued , it you ſuppoſe right iinzs drawn- trom 
the center C to the interſections of thete houre-circles 
with the horizon , the lines fo drawae ſhall be the houre- 
lines here inquired. And then it yoa can 1magin a line drawne 
from the cent.r C, toward Þ che pole of the world and 
raiſed aboue the meridian line C IX, foas theangle P CN 
may be equallto the latir:de of che place , this right line 
(7 thall be the axis of the {tylc, And to you haue both ityle 
an | hourc-lines ready drawne to your hand. But mote parti- 
cu'aily ro our purpole. 

Thel(: houre-circles confidered with the meridian and the 
horizon,doe make diucrs triangles, PN x1, PN, 2, PN, 
3, in which we haue knowae fir{tthe right angle at 2X, the 
North interſection of the meridian and the hor1zon;lecondly 
theſlide P N, , the arke of the meridian berween the pole 
and the horizon , which is alwayecs equall to the latitude of 
thepliace; thirdly the angles at the pole , made by the mer!« 
Gian and the hourc-circles , the angle N,P? 1 being 15 
gr, N,P 2 39 27. cach houre 15 gr, more: then other, 
each halte houre > gr. 39 9, each quarter 3. £7. 45 %_as 
inthe ſecoud columnne of this table. Andthele three being 
known, we may finde the arks of the horizon between the 


Or, 


meridian a' d the houre-circlies N 1, N.z, iN 3 » &c. bot ——— 


/ 
/ 


' 


Asthe ſinevi 9o 2. 
1s tothe ſinc of the latizude: 
So the tangent of hc hour 
tothe tangent of tic hourc line 
from the meridian. 


Extend the compaſſes from the fine of vo gx, to their 
of the latitude , ſothe ſame extent Nall reach trom the tan- 
gent of the houre, tothe rangen rt of the houre-line from the 
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4 it. - - 3 
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4 
: 
+ 


ON * 


ax, QC WI 


merician. Thus the latitude being 51 gr. 3o m. I extend 
the compalles from the ſine of go gr. to the ſine of 51 vr. 30 
m, & find the ſame extent to reach trom the tangert of 3 
£7.45 m. vntothetangent of 2 gr, 56 m. for the diſtance 
of the firſt quarter from the meridian; and from the tangent 
of 7 gr. 30 m. vito the tangent of 5 gr. $52 #2. forthe halfe 
houre ; and from che tangent of 11 gr. 15 ”. to the tan» 
gent of 8 gr. 51 m. forthe third quarter; and from the tan- 
gent of 15 27.0 mm. vnto 11 gy. 50 mn. tor the firſt hour. ? 
and fo the reſt, as in the third columne of this table vnder 
the title of the arks of the plane. 

Only when I come to fet one foote of the compaſies to 


48 gr. 


* 


»< } ;< plas. tec 7 FARc.: _—_ - £14 # 4 


IDA 


es 


Nt 
4? gr, 45 m. forthe firdiigof a quarter paſt 3, the other ' 


toore w 1! fall out of the line, and then I may cither take out 
fo much as 15 out of the line b yord 4g gr. and turne it bac” e 


into tcline, andit wt'l reach from 45 gr. to 41 gr. 45 mw. - 


or I may vis crofle worke , cxttnding the -ompaſles from 

the fine of co gr. toth. ta.gent of 48 gr. 45 w.lothe i2:me 

extent wil r:ach fromthe fi1: of x1 or. 30 m. co thera 

gent of 41 or 45 m. And ſuch is the diſtaace of the line of 
r 


3 bourc 4 from the meridian. 


This 4o1e, I come to : he Plane, and there according asthe . - 


lines do fall jn the faudzmentail diagram , 
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1' I draw a right line-S X_ ſerhing for theaneridian, the 
houre of 12 Ss: the ſubſtylar. 

2 In this meridian I make choice of a center at C, 
ard there deſcribe an occult cucle repretenty g the hori- 
ZOn. x 

3 Ifind achord of 11 gr. 50 m. and inſcribe it into this 
Circle on cither {ide of the meriqian tor the huures of 1x 
and 1; in like maner, a chord of 24 gr. 20 ». lor the lourcs 
ct -10 and 2; a1da- chord ot 38 gr. 3. wm. tor the hourcs 
ot 9 and 3 ; andſofor thereſt of the houres , therr halues 
and quarters. | | . 

4 I draw rightlives through the center ard th. termes 
of theſe cherds, and theſe lines fo drawne are the houre-line 


6... . 


required. | þ: 
[he line be longing to the houre of 6 will be perpendi® >» 
calar to the meridian, andthe honre-lines betorc 6 1n the. [ 


morning , or after 6 in the evening may be ſupplied by 
continumg their, oppoſet houre-lincs be yond the center. 4s 
the houre-line of 7 in the morning continued will be the 
houre-line of 7 in the cuening and fo thereſt. 

Laltly, 1 fer T the {tyle oner the meridian , fo as it may 
Cut the plane 1n the center , and there make an angle with 
the meridian equall to the laticude of the place , to it (hall 
repreſent the axis of the world, and be truly placed for 
caſting of the ſhadow ypon the hourc-lines in an hott 
Zontall planc. 
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tr_—_ __ 
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CHAP.V, 


To draw the houre-lines in a roer- 
tical plane. 


A on plane is that which is parallcl to the prime vers 
ticall circle in the fundamentall diagram repreſented by 
E Z wv, 1. hath two faces, one to the North, the other to the 
South; in each ot them the ſubſtylar will be che ſame with 
the mcridian line , and the angle of the ſtyle aboue the plane 
. Will be equall to Z'P the complement of the latitude and 
the houre-lines here inquired may be ſupplied by imagining 
right linesdrawne from the center ( to the interſetons of 
the houre-circles with E Z W. 

The triangles here conſidered are made by the vertical, 
the meridian, and the houre-circles, in which we know 
the fide ZP, theanglcsatthe pole , and the right angle at 
the zenith , and theretore may find the aris of the vermicall, ; 
berween the meridianand the houre-circles after this ma- YAN 


ner : BEES 
© » 


As the fine of go gr: 8 'q 
is to the coſine of the laticude ; | / | 


So the tangent of the houre 
to the tangent of the houre-line from the meri- 


dian. &> Fe Fd 1 


Extend the compaſles from the ſine of go gr. to the line pF = / 
ot the complement of the tatitude , ſo the ſame extent ſhal , i 
rcach from the tangent of the houre , to thetangent of the 7» / / 'F = 
houre-line from the meridian. = * x 1.4 

Thus inthe latitude of 51 gr. 30 »». I extend the com- - IE 
paſles from the ſine of go gr. tothe ſincot 38 gr 30m.and j 
NOONE Es rac: Si.35 find g 
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138 The deſcription of the howre-!ines in avertical Plane, 
find the ſame extent to reach from the tangent of 15 v7. to 
the tangent of 9 gr. 28 mn, for the diſtance of the firſt houre 
trom the m{cridian 2 and from the tangent of 75 gr. vnto the 
rargent of 66 gr, 42 1. for the fitt boures and fo in the 
reſt aS 13 the Table following. 


= _— - A an  - a -- - 


— 


Thefarks bcing knowne, I may cometo the rae, and 
there by he!p of a thread and plummet Uruy 2 vertical l, ec 
ſerupng both for the mtridian and the houre of 12, a: dth- 
ſubſtylar; then may Idraw an occult vertic2!l circic , a: d 

- There 18 inſcribe the cl;ords of rthote former arks, and drow 


the 


=. O ! 


- 


; 
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the houre-lines, and ſer vp the ſtyle, 
as before inthe horizonta!l plane. 

If it be the South face of the plane, 
the center will be vpward, andthe 
ſtyle mult point downward ; if the 
North face , the center muſt bein the 
lower part of the meridian line , and 


the (tylc-point vpward in ail ſuch pla- — 
ces as are to the Northward of the | 


equinoGtiall line, as it may appeare 


by conſidering how the lines do tall in | 


the fundamenta'l Diagram. 


—  _— Ct AA AI eo 


CHAP. VI. 


To drab the houre-lines 
in a Uerticall inclis 


nn plane. 


A Ll thoſe Plancs that haue their | 


horizontall line lying Eaſt and 
Welt, arc in that reſpect” faid ro be 
verticall z 1t they be allo ypright and 
palle through the zenich, they ar2 di 
rect verticals; if they incline to the 
pole-they are direct polars: if ro the 
equinoQiall, they a: c properly cal.cd 
equinoRiall plancs, and arc dcſcribed 
betorc : it to none of theſe three 
points, they are then call.d by the 
generall name of inclining verticals. 


129 
|Laritud "ol == 
ZAng.Po |Arc.Pla. 
* | Gr. Mi) Gr. M. 
Io oſo o | 

P3 45j2 20 
[7 34S 40} 
pr EF 1 

; nj45 © 9 28 
{IS ag 11 56 
23 30144 37 
26 15.47 

| SEEN 19 54 
—=|33 45|22 35 
| jaF © 009690 
| [41 1528 33] 
\ 3las ojt_54 
| 48 45135 22 
| 538 3c139 3 
66 15/42 $53 

| 460 _o\7 9 
63 45/58 36 
67 3059 20 

| 71 p58 33 
| LIE 0z60 42 
| 75 4577 17 
[2 301/ 78 1] 
'36 15/84 of 
6:30 ; 0,90 '© 


Theſe may incline either to the North part of the hori- 
zon , CT to the South ; and cach of them hath two faces, 
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find the fame excent ro reach from the tangent of 15 o7. to 
the tangentof 9 gr. 28 m, for the diſtance of the firſt houre 
trom the mcridian 8 and from the tangent of 75 gr. vnto thc | 
tavgent cf 66 gr, 42 m, for the fitt houre; and fo in the 
Eſt as 18 the Table following. | 
—) o 
F, 


ws 
{ 


"_ 


zlsr 


X/ 


+ There 18 in{cribe the cl;ords of thoſe tormer atks, and drow 


H 


The'carks bcing knowne, I may come to the rae, and 
there by help of athread and plummet Urny 2 verticell!, c 
ſeruzng both for the mc ridian and the houre of 22, aidihs 


lubſtylar; then may Idraiy an occult vertic2!l circle, ar d 


the 


the houre-lines, and ſer vp the ſtyle, 
as before inthe horizontall plane. 

If it be the South face of the plane, 
the center will be vpward, andthe 
ſtyle mult point downward ; if the 
North face , the center muſt bein the 
lower part of the meridian line , and 


the (tylc-point vpward in all ſuch pla- — 
CeS as are to the Northward of the | 


cquinodiall line, as it may appearc 


by conſidering how the lines do tali in | 


the fundamentail Diagram. 


CHAP. VI. 


To drab the houre-lines 
in 4 erticall inclis 


ninz plane. 


A Ll thoſe Planes that haue their | 


horizontall line lying Eaſt and 
Welt, arc in that reſpe&t faid to be 
verticall z it they be allo ypright and 
palle through the zenith, they ar? di 
rect ycricals; it they incline to the 


pole-they are direct polars: if tothe | 


equinoQtaall, they ate properly cal.cd 
equinoQiall planes , and arc deſcribed 
before : it ro none of theſe three 
points, they are then call.d by rhe 
generall name of inclining verticals. 


The deſcr iptioni of the houre-lines ts 


I29 


[Latitud Fl "3a! 
: T;\Ang.Po |Arc.Pla. 
© |Gr. MCI Gr. ut 
12} 6 0 | "2 o | 


— 


P3 45]2 20 


26 1517 4 
| 2j30__oll9 54 


3145 oj32 $54 

| 48 45135 22 
WES. =. 
| 56 15/42 53 
| $60 of _9 
63 43153 36 
| 67 3cj5S 20 
W,. 8512 0 23 
| £75 __]56 42 
| 20 
| 82 -0178 3 
| tn | 
36 1 5/54 0| 
6130 0,90 _© 


Theſe may incline either to the North part of the hort- 
zon , CT to the South ; and cach of them hath two faces, 
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one to the zenith , the other to the nadir , in which weare 
firit co confid:r the height of the pole abouc the plane, by 
comparing the inc.inatzon of the planc to the herizon, with 
the latitude of the place. 

As 1n eur latitude of $1 gr, 30 m. if the inclination of the 
planc |E 13Y in the fundamentall diagram ſhall be 13 or. 
Northward, thatis, if / NN theark ot the mcridian bec- 
ween the plane ad the North part of the horizon thall be 
13 $7. We may take theſe 13 gr. out of PN 51 or. 30 
M-. the eleuxtion of the pole aboue the herizon, and there 
wilremain P 7 38 pr. 30 m. for the elcuation of the North 
pole aboue the vpper face of the plane , and therefore 38 gr. 
30». for the height of the Souch pole abouc the lower tace 
ot the plane. 

Orit the inclination of the plane ſhall be found to be 62 
gr. tothe Sourhward, we may number them 11 the meridian 
trom S the South part of the horizon vnto L, andth:rc draw 
the arke E Ls repreſenting this plaine; fo che arke of the 
meridian P L ſhall giue the hcight of the North pole aboue 


the vpper face of this plane to be 66 gr. 30». and therefore. 


the height of the South pole abouc the lower face of the 
plane is alſo 66 gr. 30m, 

In like maner :tthe inclination of the plane EZ Y # ſhall be 
I5 gr. Southward , that is, if ST the arke of the meridian 
between the South part ofthe horizon and the plane, ſhall be 
I5.g7. The height of the North pole avouc the vpper tace of 
the pianz, and the height of the South pole aboue the lowe: 
face of the plane, will be alſo found to be 66 gr, 30. 1. 

But it the plane ſhall fall betweene the zenith and the 
North pole, then will the North pole bee elcuared abour the 
lower face, and the South pole abouc the ypward tace of the 
plane.as may appeare by the proieRion of the [pieare inthe 
tundamentall Diagram. 

Then inthe triangles made by the vlane , the meridian , 
and the houre-circles, we haue the [ide which is the height 
of the pole aboue the plane, together with the angles at hy 

pole, 
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pole , and the right ang'e a the interſ<Rion of the meridi- 
an with the plane, by whic': we may find che arks of the 
plane betweene the meridiaa aiid the houre-cucles , after 
this maner, 


As the fine of 90 or. 
1sto the (ine ot the pole aboue the plane ; 
So the tangent of the houre 
to the rangent of the houre-line from the meridian, 


Thus in the former example, where P 7 the height of the 
polc aboue the plane was found to be 48 gr. 30 wm. it you ſhall 
extend the compalles from the fine of go gr.to the ſine of 35 
gr.30 m.the ſameextent will reach from the tangent of 15 gy. 
vnto the tangent of 9 gy. 28 x. for the diltance of the hir{t 
houre from the meridian , and from 30 gr. vn'o 19 gr. 46 m, 
for the ſecond houre, and fo forward as in the direct verti- 
call, | 

' And for the two laſt examples , you may extend the com- 
paſſes from the line of go gr.vnto the fine of 66 gr. 30 {0 
the ſame extent ſhall reach inthe line of tangents trom 15 gy. 
vnto 13 gr. 483. for the firſt houre, from 75 gr. vito 73 gr. 
43 m. tos the tife houre, from 30 gr. vnto 27 ov. 54 m. for the 
{ſecond houre, from 60 cr, vnto 57 gr. 48 mn. for the tourth 
houre,and from 45 gr. vilto 42 97. 31. 8, for the third houre 
tiom the meridian. 

[ heſe arkes being knowne, you may firſt draw the hort- 
zonta!l linc, and crofle it in the middle with a perpendicuiar 
that may ſerue both tor the meridian and the houre of 12, 
and the iubſtylar ; then knowing which pole 1s elevated a = . 
bouc the plane, you may accordingly make choice of a fit | 
point inthe meridian for the center ot your houre-l1n's, and 
thence deſcribe an occultarke ofa circle, inſcribe the chords 
of thoſe former arkes,and draw the houre lines,and fer vp the 
ſtyle, as | ſhewed before in the horizontal plane, 
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CHAP, VII. 


T9 dra's the houre-lines in an rwerticall 
eclining Plane. 


L! vpright planes whereon a man may draw a verticall 

inc, are in this reſpect faid to be verticall; if they ſhall 
alto ſtand direfly Eaſt and Welt, they gre dire vercical:; it 
diretiy Norch and South , they are properly called meridian 
plancs, and are deſcribed before: if they behold none of theſe 
toure principall parts of the wolrd , but ſhall ſtand berween 
the prime verticall and the meridian, they arc then called by 
the generall name of declining verticals. 

1 heſe haue two faces , oneto the South, the other ro the 
Northward. which may bediſtinguiſhed in theſe Northerne 
parts of the world after this manner, If the Sunne coming to 
the mcridian ſhall ſhine vpon the plane. it 1s the South face; 
it not, it is the North face of thac plane, Againe,if the Sunne 
ſhall ſhine ypon the plane at high noone, and yer longer in 
the forenone then in the aftcr2oon, ic is the Southcaſt face; 
if longer in the afternoone then in the forcnoone , it is the 
Southweſt face of the plane. But how much the declination 
cometh to, is beſt found as bctore. 

Wheathe declination 1s found, there be foure things 
more to be confidercd betore we can cume to the drawing 
of the hoyre-lines, 

1 The mcridian of the plane and his inclination to the me- 

ridian of the pface. 

2 The tight of the pole aboue the plane, 

3 Thediitance of the fubſtylar from the meridian line 

4 The cittangagy cacih homee-line trom the ſubſt;lar. 

And cheſe feurc inay all be repreſented in the 'wagamentall 
Diagram 2 in this gxample. : Zito 
»- Suppoſe that in our lautude of 51 gre 3099. horthwardithe 

af ”, . declination 
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declination ofan vpright plane vide Pag. 114. (in, 20. 

In the triangle P R Z we know the angle at R to be a righe 
angle, and the angle at Z , for it is the complement ofthe de- 
clination, and the baſe P Z, for it is the complemenr of the la- 
titade, And theſe three being knowne we may finde the 0+ 
> therangleRPZ, whichis the angle of inclination berweene 

both meridians. 
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* As the fine of the !atirude 
1s tothe inc ot 99 gr. 
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So the tangent of the declination 
to thetangent of inclination of meridian. 
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Thas in our former example I extend the compaſles from 
the line of the latitude 51 gr. 3099, vnco the fine of go gr. 
the ſamc extent will reach 1n the line of tangencs from 24 gre 
20 n,the declination giuen, to abou: 30 gr.and ſuchis Z P R 
the angle of inclination between the meridian of the place and 
the meridian of the plane; and therefore the meridian of the 
plane will hcre fall ypon the circle ct the ſecond houre from | 
the meridian ofthe place, (as it may allo appeareby opening 
the compaſſes to the neareſt extent, berween the pole and the 
plane) and there I place the letter & to make this recangle 
PAKZ. 


* a4 * a 
> >, 4 _ 


IS IS 


2 To find the hight of the pole abowe the plane. 


| The height of the pole 15 to meaſured in the meridian of the 

. planc itis here repreſented by the arke P R,and may be found 

F by that which we haue knowne an the former triangle 
PRZ, 


As the ſincof go gr, 
to the coline of the latitude ; 
j So the coſine of the declination 
tothe fine of the hight of the pole abone the plane 


Extend the compaſſes from the inc of go gr. vnto the ſine 

| of 38 gr. 3 om, the complement of che latitude, and the ame 
extent will reach from the ſine of 65 gr. 40 mv. the complc- 

meat of the declination, vato the fine of 34 gr. 33 m. ; 


Or if you pleaſe to make vſe, of the angle of the inclinati- 
on of the two meridians, the proportion will hold. 


Asthe ſine of go gr. 
tothe cofine of the inclination of meridians; 


4 verticall declining Plane. 


So the cotangent of the latitude | 
to the tangent of the height of the pole aboue the plane. 


14S 


And then you way extend the compaſſes from the fine of 
90 gr. vnto the fine of 60 gr. the complement of the inclina- 
tion of the meridians, ard the fame extent will reach trom 
the tangent ot 38 gr. 30m», the complement of the latitude, 
vmo the tangent of 34 97. 33 #8. and ſuch 1s the arke P &, the 
hight of the pole abour the plane. 


| 3 To find the diſtance of the ſubſiylar from the meridian. 


This is here repreſented by the arke Z R,and may be found 
by that which we hauc knowne 1a the former triangle Þ R Z 


As the fine of 90 gr. 
rothe fine ot the declination: 
So the corangent of the lattude 
rothe tangent of the ſubſtylar fromthe meridian. 


Extend the compaſſes from the ſine of go gy. vnto the fine 
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So the tangent of the declination 
to the tangent of inclination of meridian. 


Thas in our former example I extend the compaſles from 
the ſine of the latitude 51 gr. 309m. vnto the fine of 90 gr. 
the ſamc extent will reach in thc line of tangenes from 24 gr. 
20 n,the declination giuen, to abou: 30 gr.and ſuchis Z P R 
the angle of inclination between the meridian of the place and 
the meridian of the plane; and therefore the meridian of the 
plane will hcrc fall ypon the circle ct the ſecond houre from 
the mcridtan of the place, (as it may allo appeareby opening 
the compaſics to the neareſt extent, berween the pole and the 
plane) and there I place the letter & to make this reangle 
PRZ. 


2 To find the hight of the pole aboxt the plane, 


The height of the pole is to meaſured in the meridian of the 
planc itis here repreſented by the arke P R,and may be found 


by that which we haue knowne in the former triangle 
PRZ, 
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So the cotangent of the latitude | 
to the tangent of the height of the pole aboue the plane. 


And then you way extend the compaſſes from the fine of 
90 gr. ynto the fine of 60 gr. the complement of the inclina- 
tion of the meridians, ard the fame extent will reach from 
the tangent ot 38 gr. 30m, the complement of the latitude, 
vnto the tangent of 34 g7. 338. and ſuch is the arke P &, the 
hight of the pole abouc the plane. 


3 To find the difRance of the ſubſtylar from the meridian. 


This is here repreſented by the arke Z R,and may be found 
by that which we hauc khowne 1a the former triangle P R Z 


As the line of 90 gr. 
to the fine ot the declination: 
So the cotangent of the latitude 
rothe tangent of the ſubſtylar from the meridian. 


Extend the compaſſes from the ſine of go gy. vnto the fine 
of 24 gr. 20m. the declination giuen, and the lame extent 
will reach from the tangent of 38 gr. 3o mm, the complement 
of the latitude, vnto the tangent of 18 gy. 8 m. and ſuch isthe 
arke Z R, the diſtance ot the ſubſtylar trom the meridian. 


4 To find thediſtance «f each haure- line from the ſabſtylar. 


Thediſtances of the houre-lines from the ſ-bſtylar , are 
hererepreſented by thoſe arks of the declining verticall be- 
longing to the plane, which are intercepted berweene the 
proper merician of the plane and the houre-circles. 

To this purpoſe we hauc divers triangles made by the 
declining plane, together with his proper meridian and the 
houre-circles, In theſe we haue knowne, firlt the right angle 
« the interſeion ofthe proper meridian with the p —n_—_ 
Tr ence 
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the (ide which is the hight of the pole aboue the plane; and 
thirdly the angles at the pole, For knowing the angle of 11- 
clination be: weene the meridian of the plane and the nicri« 
dian oft ihe place, wincht alwaye> the houre of 12, we may 
tince he angic betweinethe meridian of the plane aid the 
hourco' 1, by aliowing inT5 gy. end the angle berwerie 
the meridian of the plane and eve houre of 2 by ail 


)}\V 1130 fl 

, ' - 
30 07”. and io tor therclt, wh:ich Detng KnoOwnyo ang {ct dow! 
in at:ble we inay find the arks of the plane from the (ubity- 


lar to the I:cure-Cucics, tn this maticr. 


As the line of 90 9», 
” = . : e ! ! 
ro ethic tive ofthe hight of the poie avour the PLainc 
So the tanyent of i Ge houre from the proper merid- 211, 
to the rangent of the boure-liac trom the tuoltylairs 


Thus in our latitude of $51 degrees 30 minutes, it the 
declicaton of an vpright plane {ail be fond to be 24 27. 20 
2. tiom che prune verciica |, the one tace op-nto the 5outh- 
w<elt, the other to the Northeatt, I nay number thele 24 7 7. 
20 24.111 the hotizon of che 3 1darnenall Diagram, from FE 
vio B, according to the ſituation of the panc, aud there 
draw the vertical B Z D, which ſhall repic{cnt the plane 
propoicd. 

The two poles of this plane will fal! in the horizon at 7 
and © andtherctorethe proper meridian drawac thivcugh 
the pelcs of the plane, and the po.c of the wor'd mutt be the 
Circl. H P @ which here croſſcth the plane at right 2rg/es 
1n the point &, and inclineth to P Z S the mctidian of the 
place, according to the angie RP Z. 

T he quanticy of this inclination may be readily found by 
the houre circle where the proper meridian falleth. As here | 
it falleth on the ſecond houre circle, and fo the iaclination 18 ; 
30 gr. | 

The height of the pole above the plane which giueth the 

height of the ſtile aboue the ſubſtylar is here repretented by | 
thearke PR, Forasin the Horizontall, fo in this and = O= ; 
ther | 
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ther planes theline CP the axis of the world is alwaics the 
axis of the ſtile, and the neereſt line that can bedrawne vpon 
the plane tothe axis of the world is the fitreſt for the ſub» 
ſtylar, and that is the line CR, fo the angle PCR is the 
angle berweene the axis and the plane, commonly called the 
herght of the ſtyle and the mcaſure of this angle is the arke 
P'R, This arke is alwayes lefle then the complement of che 
la:1rudey and may be cſtimated by taxing the diſtance Þ & 
with the compaſles, and meaturing it in the Meridian from 
P toward Z. So in this cxample it will appeare to be about 
4 L7«;. 

1he Giſtance of the {ubitylar from the meridian is here 
repreſented by the arke Z R, Forthr meridian line vpon the 
plane is C Z, the tubſtyiar lineis CR, fo the angle coatain- 
ed berweene them is Z CR, andthe mcacure of this angle 
is the acke Z R, which taken with che c:mpaſies and mea- 
ſured in th. ſemidiamicer C7, trom C toward W, will be 
found about 18 gr, 

1 he diſtances of each buure linc from the ſbit;'ar are 
h. re repreſented by the arks of the plane bet Ween the point 
R and the incerfeRtion* of the houre circles. For the ſub- 
ſtyiar ine is C R, and the hou: circle of 1 crotli”g the pline 
in the point QA, the houre line of 1 v.-on the plane, mult be 
C 0, Sothea gle berwcenethe ſubity:ar and rac houre Nine 
of 1 is RC O and:he mza ur: of this angle 5the rke RO, 
In like manner the ho..re line of 12 will be C Z, and the 
diſtance from the fubſt.larR Z. The houre line of 11, will 
be CX and the diſtance from . he {y>{tylar R X and to the 
reſt. Theſe d. ſtances RO, R Z, RAY, &c. may alto be ta» 
ken with the compaſies, and meatured as before. 

Beſides theſe foure repretentations the diagrane will 
ſhew what pole 15 elevated above the pline, and what time 
the Sun ſhinerh vpon the plane. It ic be the North Eaſt face 
of this plane, you may thinke P to be the North-pole, and 
the hourc circles to be drawne ona convex hemiſphere, fo 
C R the ſubſtylar, and CP the ax': ot the ſtile will both 
point vpward, and having draw the tropique of 5 you 
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ſhall find by the mecting of the plane with the rropique,aid 
the houce circles, tha: the Sun ar the higheſt, may ſhine vp- 
onthe plane , from thz tine of the riſing untill ic be paſt gin 
the morning , and from 7 in the Evening unto the tune of 
his ſetting. But »# it be the Sourh-welt face of the planegthun 
you may cither ſuppolc che {ubſtylar, and th: axis 10 be con- 
tinuced down: belowe the center, like unio the hourcs bee 
fore and atter 6 in an horizonrall plane, or elle you nay 
turne the diagrame and thinke. P to be the South poic, and 
the houre circles to be d-awne 1n an horizoatall concave 
lo C K the lubſtylar, CP the axis of the (tile will both 
point downward, and fo alfo the houie lines from 8 to the, 
morning untull after 7 in the Evening, as it duth apycare 
by the meeting of che plane with the hor 290, a:d the koure 
C:rclcs, 

Thus with the drawing of one line in the diagra 1 to re 
prclent the plane according to his declination, you may 
have the hourc lines fitted to any declining verticall wich 
the ſtyle and ſubſtilar in their due place, which may ſuihice 
to free you from grofle crror, but for more cxatneſle ; wie 


... conſider three trianglc's. 


1 To find theinclination of CMeridzans, 


The meridian of the place is a circle paſſing through the 
poles of the world, the Zenith and the nadir. The propc: 
meridian of the plane is a circle paſſing through the poles 
of the world and the poles of the plane. The cucle of the 
plane, and th: ſe two meridians doe make a triangle, fſucl as 
PRZ, wherein we know the angle at R. 

I conſider the angle of inclination of the meridians RD 
Z,and there ſce how that PZ the meridian of the place, which 
is the houre of 12,bcing 30 gr.diſtant fro PR the meridian of 


the 
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che plane, andthar one facc of the plane being opet co the 
Southwelt, and the other to the Northcaſt, rhis meridian 
of the plane falieth to be the {ame with th- houce of 2, (0+ 
therwiſe with the houre of 10: ) therefore allowing 1 5 gr. 
for a! houre, the houreot1, RP O willbe 15 gy. and R 
'P X the houre of 11 will be 45 gr. diſtant from Þ R the pro- 
per meridian of the plane : and/oI 
gather the inciiation of the reſt of the) Latitude N. g1 30, 
hourcciicles towads this merid:an,'Dec'matio: 24 20. 
according to their angles at the poule,|Ditt, merids 30 ©. 
aS in the 1econd colume of this Table. Alt. Styl: 34 33- 
Then raking my compaſles in my 'Ditlt, ſubſt, 18 8. 
hand, 1 extend them trom the fine Houre Ang. Po Ar, I'la, , 
oft go gr. vnto the fine of 3497. 33 | ME. | Gr. M, | GO. 
». thc light of the pol. abuuec the ey 
plane, aid find them to reach in k 
the line of ta 1gents trom 15 gr-the | © 
7 


1-clination of the houre of 1, to Z3 


gr. 38 m, for the arke of 1, from | © A ode bY 33] 
| = 03 8 4/z3o o!18 '8 
the fubitylar, ani from 3o gr. voto 9 2/24 a 
» wu , — ki Nl | $ 
18 gr. 8m. for the ho reot 13, & V1 2! a4 ſubſtyl 
grecable to thethird Prop.& from | <7 ll 
45 g7- vnto 29 gr. 23 m. forthe | | » we pe ” 
houre of 11, and forthe reſt, which |, 2 | 
IJaiſfo {ct downe in the thiud co- 4 & wb 33 | 
© | 44 30 


» 
oO 
Q 
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lumane of the Table. 


Theſcarks being thus found, will 3 9175 ©]64 4: 
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{{ ruc for the drawing of the houre 
lines, both on the Southwelt face, aid tze Northealt face of 
this plane, and al{o 0" cither face of the like plane that hath 
the ſame declination and the poles in the ſoutheaſt and north 
welt. 

1 By the helpe of athread and plummer 1 draw a verticall 
line, ſeruivg both for the meridian of the place and the houre 
of12, 

In this meridian line I make choice of a center at {, in the 
vpper part ofthe line, if it be the South face, as here we ſup- 
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PvIC it, that the ſtyle may haue roome to point downward; f 


Dur in the lower pare of ie ligne, it 1t be the Noth Lice of the 
P-44ic;tor CHIC CGI IE LNULT PULL vpward 3 and vpon thus 
CEliker 1 dEtCLTLDE an OECUIT CITCLE, IEP: ELELTINS the UCCluung 
VEIticall buiouging tO the planes 

3 ltindachvu d ut 18 gr. 8 », thejdiltance of the lubltylar 
trom the micridian of ihe place, and 11;Cibe it to ts Cli- 
cle, trom the meridian vaco A toward the right Nand , be- 
Ccau © 11 this exampic the meridian of the piaue tuis a- 
niong the NOUCES after NCOUE, { For OLNETWIEE it HUI Naye 
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been inſcribed toward the lef: hand) and there I draw the 
live C Alcruing for the lubityiar. 

According tothe Tab!c of the arkes of the plane fy; 
the 'ubſtylar, I tind a chord of 8 gr, 38 m- and intcribe 1ranto 
thts Circlr, from the ſubltylar toward the merician, for the 
houreof t.lnhke maicra chord of 29 9yr.23 m.tor thi houre 
ot 11,2:id achord of 44 2». 30 2. tor che toure of 10, and 
{o tor the reſt of the hours, ther Values and quar-= 
ISL 

5 I draw righth:es through the center a1d the termes 
of theſe churds, aud thc lines fo drawne arc the houre-lines 
requir d. 

Laſtly, I fer vp the ſtyle over the ſubltylar, ſoas it may 
cut the pane in the center, and there make an aagle with 
the ſubſt;lar of 34 gr. 33 9, according to the height of 


A ſecand example, 


Suppoſe another vpright plane in the ſame latitude tode- 
cine from the yerticall 65 97.44 9. wich one face open to 
the Scuth-Ealt, the other to the North welt. I hefe 6; ar, 
40 m. wou'd be nutnored from E unto 9, and trom Y un 
to H, ad the plane reprefertcd by 2 Z H. For to the one 
pole will fall ar B inth- South-Eilt, andthe other at ©, 
1n the Nerth-w:.ſt according to the ſuppolt' io". 1 he prop.r 
meridian of this plane may be ſu. plycd by the curcl. B P 
D, croſſing the planc in the point T, bertweene the houre 
of 7 ad 8, and there is the place of the tubſtylar. The 
South-Eaſt face will containe ail the huures from Sun rifinz 
vncotwo afte. noone, and the Nor:hwclt tacc 4'l the hours 
from one after noone vnto Sunne !:tting. Then working 
as before. 

xz Theangle ZPT the inclination of the two mee 
ridias 


- © __ 
——;, ab. 
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ridians will be found ro be about 70 degrees 30 minutes, 

2 The arke P T the meaſure of the angleP CT, the highc 
of the pu abouc the planz, and fo the highe of the ſtyle a- 
boue the ſubitylar will be 14 gy. 51 m2, 

3 Thearke ZT the mealureof the angle Z CT, ſhewing 
the diſtance of the ſubſtylar from the meridian will be 35 

r, 56mm, 

4 The arks ofche plane be- || zrirude N., Gro 
eweene the ſubitylar and the 'Declination. 65 49 
hours lines dep-nding on the ba —_—_— 

; o iff, merid. 7o 30! 
difference of meridians which 4 lads fel: | 
is hete 70 gr. 30m..0r 4 Ho 42 |; pn *4 54 

S ge / iff. fubſtyl: 35 56! 
m. (hort of the meridian I firit — COL 
draw a table with three co» |Hours An-Po Ar. Dia. 
lumnes, one for the morning |\M. E. Gr.M. Gr. M., 
and cuening houres,another for þ 10|79 3054 12 
the angles at the pole and the j3z 9164 30\28 16 
third torthe arks of the plane \4 8149 3016 42 
and there write 70 gr. Z09m. by ig #7134 3010 © 
the houre of 12 and place the {6 6 [19 30| 5 T1, 

s 


meridian and.ſubſtylar berween [7 4 3o]n 9 
the houres of 7 2nd 8 according Aleridi(ubſty | 
as the poles of the plane do fall '8 410 zo| 2 43 

in thc Diagram. 9 3 


25 30] 6 +58 
Then will the angle at the pole 'zto a qo z3olrz 21 
berweene the proper meridian 'z2t 1 55.30/20 28 
and the houreot11 be55 gr. 30 | 12 70 zo\$5 56 
».the houre of 10 twill be 40. gr. 1 11 85 20/92 56 
30”, diſtant from that meridi» Res: 
an and thereſt in their order which b-ing noted in the ſe. 
cond columne, the arks of the plane will be found ro be ſuch 
as I haue noted in the third columne. 

With this table thus made, you may draw the houre-lincs 
and ſet vp the ſtyle on cither face of this or the like 
plane, the difference being onely in the placing of 
the ſubſtylar and that is reſolued by the fight of the Dia- 
gram. 


A 


* 
am 
T_T 
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A third example of a Plane falling neere 
the Meridian. 


Afcer the like manner if in our latitude an vprighe plane 
(hall d:cline 85.g7,from the prime verricall, che one face of ir 
being open tothe Northweſt , and the other to the South- 
calt, we may in ſome ſort repreſcne it by the vertical 22 H, 
and then working as before. 

1 TheangleZ PT, the inclination of the ewo meridians 
will be found to be 86 gr. 5 m1, ſothat PT the meridian of 
this plane, will here fall betrweene the houre-circles of 6and 
7 from the meridian. 

2 T hearke PT the meaſure of the angle P CT, the height 
of the pole aboue the plane will be onely 3 gr. 6m, 

3 Thcarke Z T the meaſure of the angle Z( T, thedis 
ſtance of the ſubſtylar from the meridian 38 gr. 23 m. 


4 The Table of the angles ar the 


| 'Latirud > 
pole will be allo gathered, by compa- Declination bs 
ring the meridianof the plane with che "© Meri. 86 x 
reſt of the houre-circles. For the an- [Pift-Men. ; 


Altitude ſtyl. 3 6 
Dift.ſubſty. 38 23 


gleT PZ betweene PT the meridian 
of the plane, P Z the meridian of the 
place, andthe houre of 12, being $6 gr. 


5 92, allow- : 
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5 m1, allowing Is gr. for — = 
Al) houre, the houre of I1 | < An,Po Ar.ÞPla. G FC G 


will be 78.g7, 35m, and |7 |GreM. Gr. M. In.Par.[[n.Par 
the houre of 11 71 gr. 5 m9, 13.86 5338 2391 08 79 21 
ditant fiom the meridian | |78 3515 3130 9226 $9 
of the plane; and ſo the x1 
reſt of the houres. Or be- | [63 35 6 1312 5210 $, 


_ the difference of me- 16.56 5 4 36 9 25 8 og 
ER_ENMGBWEARTT CI ERR TT— 
| 9.41 2 42} $ 8 
ved into time makes 5- | gle - r 31] 3 S : 6 
honres, 44. #7, and ſo the '7\r1 5 © 6 1 20 1 os 
meridian of the planc falls | | Merid Sub 9.0 o © of 
_ trom the meridian. 5 18 55 I | 2 I5 I 8G. 
I firft place this meridian 2 - is 2 64 
do Cr 433 55 5 4 3 04 
lib rs. 3/48 55 3 33' 7 13 6 20 
and rhen ta ing 75 g7.t 2/$3 55 6 2012 7711 10 
common meaſure for 5 71 25] 9 1ol18 5616 14 
houres out of 86 gr. 51. | , 78 55115 29/31 8227-67 


there remaine 11 gr. 5 ( 
for the angle at -h pole 86 2590 55Þ9 67 86 ws 
berweene the meridian of the plane and the houre of 7. a- 
gaiue I rake 86 pr. 5 ww. out of 90 gr. the common mea'ure 
tor 6 houres, and tkere remaine 3 gr. 55m. for the angle at 
the pols berweene the meridian ot the plane and the houre 
of 6. Totheſe ang cs fo found | allow 15 gr. for cucry houre, 
as in the ſecond columne of this I able. 

Then hauing the height of the pole aboue the plane, and 
theſe angles at the polc ; the arkes of the plane , betweene 
the ſubſtylar and the houre-circles, will bee found as 1n the 
third columne. 

Theſe arkes being found, will ſernue for the drawing of the 
houre-lines on either face of this or the like plane. 

x Byche helpe ofa thread and plummet Idraw £ Ca ver- 
ticall line, ſeruing both for the meridian of the place and the 
hboure of 12- 

a Inthis meridian line 1 make choice of a center in the 

vpper 


in £ vertical declining Plane, ISS 
vpper part of the line, if it had b.cne the Southerne face of 
che plane, but here ia C the lowcer pare of the lane, becaule 
we luppoled ic to bee the Northwelit tace ot che planey and 
the (tyle mult point vpward ; and vpon this center 1 deicribe 
an occult circle reptcicncug the decluuing vertical belong- 
ing to this plane. 

3 I findeaciord of 38 gr. 23 m. the diftance of the lub- 
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\ 
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| 


| ſtylar from the meridian of the place , and inſcribe it into 
this circle, from Z in the meridiao, vato T roward the left 
hand , according as the proper meridian P T falls in the fun- 
damentall Diagram ; and here I draw the line CT ſeruing 
for the ſubſtylar. 

Vu 2 4 The 
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4 The ſubſtylar being drawne, I may inſcribe the chords 
of rye arkes of the planc from the ſubſtylar , and drayy the 
houre-lines,and ſer vpthe ſtyleas in the former plane, 

Oc the arkes of the plane from the ſubſtylar being found 
as before, wee way draw the houre-lines vpon the plane o- 
therwile then by chords. For bauing drawne the houre-lines 
as inthe laſt figure, vpon paper or paiſt boord, we hall inde 
the molt par: of chcin, in this and ſuch like plai-es that haue 
greater declination, to fall fo cloſe together, that they can 
hardly be diſcerned : wherefore to draw them ar large to the 
belt aduantage of the plane, I leauc our the ceater, and draw 
them by tangents, as in the polar plane. 

1 [conſider the lengthavd bredch ofthe plane whereo! 
Iamto draw the houre-lines, which I ſuppoſe to be a ſquare, 
whole fide is 36 irches,and find that the little ſquare ABD EF 
will containe both the ſubſtylar and all rhoſe houre- lines 
which are required in the great ſquare AZ CYQ. 

2 Idraw two parallel lines F N, GM, croffing the ſub- 
ſtylar at right angles in the points Fand G, fo as they may 
beſt croſſe all the houre-lines, and yet the one be diſtant from 
the other as farre as the plane will giue me leaue; and I finde 
by the ſight of the figure that if AB the (ide of the leſſer 
ſquare ſholl be 36 inches, theline C F will be about r15 in- 
ches, and theline C G abour 100 inches, and therefore F G 
15 inches. Againe, that the point F will fall about 6 inches 
below the vpper horizontall ſide A 'Z, and abour 1 2 inches 
trom the next verticall fide B D ; for I necd not here ſtznd 
ypon parts. 

3 Becauſe theſe two paraliel lincs are tangent lines in 
reſpeR ot circles drawne vpon the ſemidiameters C F, CG, 
and ſuch tangent as belong to the arkes of the plane, being 
tweene the ſubſtylar and the houre-lines, the proportion 
will hold, 

As the tangent of 45 gr. 

ro the tangent of thearke of the plane * 
Sothe length of the ſemidiameter 

cothe length of the tangent line. 


Ay 
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As for example, the arke of the plane berweene the ſub- 
ſtylar and the houre of 1, is 15 gre28 ms. inthe former Tab'c, 
the ſemidiameter ('F 115 inches, and the ſemidiamercr C G 
roo inches ; wherefore extend the compaſles from the tan= 
gent of 45 gr.vnatothe tangent of 15 gr. 28 m, the ſame ex- 
tent will reach from 115 1a the line —_ vnto 31, $2, 
which ſhewes the length of the tangent line betweene F in 
the ſubſtylar and the houze-line of 1, to be 31 inches, $2 cent, 
or parts of 100. Againe, the ſame extent will reach from roo 
vmo 27,67 z and ſuch is the length of the leſſer cangenr from 
G tothe houre of 1, 

The like reaſon holds for the length of che other tangents 
from the ſubilylar to the reſt of the houres, as in the Table; 
a5 alſo tor the height of the ſtyle aboue theſe tangent lines ; 
and ſo the angle of the ſtyle abouz the plane being 3 gr. 6 m. 
the hcight F K wili be found to be 6 inches 23 cent, and the 
height G L x5 inches 42 cert, 

\W here the Reader may obſcrut, that if the extent from 
the tangent of 45 gr. tothe tangent of 3 gr. 6m. orto 115 in 
th: line of numbers, be too large for his compaſles, hee may 
vie the tangent of 5 gr. 43 . in ſtead of the tangent ot 45 gr. 
as I norcd before Pag. 1co. 

4 Hauing found theſe lengths aad heights, and ſer them 
downe ina Table, | cometo the planc here reſembled by the 
fer iquare ABD EF, where | begin with an occult vertical! 
F F bout 12 inches from the {ide Þ D, and vpon the center 
F, abourt 5 inches below the ſide A B delicribe an occule 
arke ofa circle. 

5 Into thisarke1 firſt inſcribe a chord of 38 gr. 23 m». the 
diſtance of the ſubſtylar from the meridian, to make the an- 
gie HFG equalltothe avgle Z(T; fo the line FG ſhall 
be the ſubſtylar : and then another chord of 51 gr. 37 1». the 
complement of this diſtance, ro make vp the right angle 
G FN; fothe line F N ſhall be the greater of the two tan 
| pe lines before mentioned, 
| I {ct off 15 inches from F vnto G, toward the center, 
Vu 3 ard 
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and through G draw the leſſer rangent line G MH parallel og 

7 Theſe two occult tangent lines being thus drawne, I 
looke vnto the former Table for the houre of x, and there 
finde the arke of the plane berweene the ſubſtylar and the 
houre of t,ro be 15 gr. 28 mn, and the length belonging to ie 
in the greater tangenc line ro bee 31 inches, 82 cexe, in the 
lefler cangent line 27 inches, 67 cent : wherefore I cake our 
31 inches 82 parts, and pricke them downe in che greater 
tangent from F co N, and then 27 inches 67 parts, nd prick 
them downe in the lefſer tangent from & to A, and draw the 
line MA I for the houre of 1, which if it were produced 
would crofſe the ſubſtylar FG in the center C, and there 
make the angle F { N_15 gr. 28 mm. Thelike reaſon holdeth 
tor the drawing of all the reſt of the houre-lines. 

Laſtly, I fer vp the ſtyle right oaer the ſubſtylar, fo as the 
height F X may be 6 inches 23 cent.and the height G L 5 in- 
ches42 cert. then ſhall K L repreſent the axis ot the world, 
and if it were produced would crofe the ſubſtylar F G in the 
center C, and there make the angle FC K to bee 3 gr. 6 mw. 
and fo be truly placed for caſting of the ſhadow vpon the 
houre-lincs 1n this declining plane. 


A — 
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CHAP. VIII, 


19 draw the boure-lines in a meridian 
eclining Plane. 


A Ll thoſe planes wherein the horizontall line is the fame 
with the meridian line, are therefore ealled meridian 
planes : if they be right eo the horizon, they are called by the 
generall name of' meridian planes without farther addition, 
and are deſcribed before: if they leane tothe horizon , they 
are then calted meridian incliners. | 


Theſe 


a verticell declining Plane. | 159 


Theſe may incline cither to the Eaſt part of the horizon , 
I or to the Weſt , and cach of them hath rwo faces, the ypper 
* toward the zenith , the lower toward the Nadir , wherein 
knowing the latitude of the place , and the inclination of the 
plane to the horizon, we arc to conſider, 


rt The inclination of the meridian of the plane to the me- 
ridian of the place, X 

2 The height of the pole about the plane. ? 

3 Thediftance of the ſabitylar from the meridian. 

4 Thediſtance of each hourc-linc from the ſubſtylar. y 

And all theſe foure are repreſented in the fundamental! $# 

Diagram, asinth's example» F 


In our latitude of 51 gr. 30 w. a meridian plane inclineth 
Eaſtward g0gr ; thelc 50 gre I number in the verricall circle 
from E ynto G, acco:ding to the inclination of the plane , j 
and there draw the arke SG 2 repreſenting the plane pro- } 
poled, Againe | number 5o from Z vato XK, (o the # 
point K (being go.gr. from the plane at G ) ſhall bee the pole 4 
of this = and the proper meridian of this plane may bee | 
ſupplicd by a circle drawne through K and P. This meridian , 
doth here fall betweene the boures of 4 and 5, and croſſing >, Ha 
the plane at right angles in the point Y, in the right line C | 
Y (hall be the ſubſtylar, and the angle P C /Y the height ot the > + "= 
ſtyle aboue the plane and right lines drawne from the center -v 
C to the interſeRions of the houre-circles with SF G N ſhall 

bee the houre-lines here inquired, The lower face of the plane + 
will containe all the houre-lines from ſunrifing vnto 11 in 
the morning , and the vpper face the houres from 9 in the 
morning vnto ſum-ſetting. Thea haue 1a te triangle \x 
P Y N,, wherein the baſe ÞP XN, is the height of the 

pole aboue the Norrh part of the horizon, and the angle P 2X, F 
Y the complement of the inclination to the horizon;and theſe > 
being knowne, Y 

8 1 may finde theangle N Þ Yof inchanationof the rwo- 

meridians. Fos 8 


As 
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As thecoſine of the latitude 
isto the ſine of go gr. 

So the tangent of inclination to the horizon , 
to the tangent of inclination of meridians. 


Extend the compaſſes from the ſine of 38 gr. 36 w. the 
complement of the latitude , vnto the fine of go gr. the lame 
extent will rezch from the tangent of 5o gr, © #5. the inclina« 
tion of the plane tothe horizon, vnto the tangent of 6: gy. 25 
». and {uch is the inclination of the meridian of the plane to 
the meridian of the place ; which being reſolued into time , 
doth giuc about 4 houres and 10 ms: from the meridian , for 
the place of the ſubſtylar among the hourc-lines. * 

2 The height of the pole aboue the plane is here repre» 
ſented by the quantity of the arke of the proper meridian 
P Y , betweene the pole and the plane , and may bee knowne 
by that which wee hauc giuen in the former triangle 7 
Y N; For 


As the ſine of 9yo gr, 
ro the ſine of the latitude 3 
$o the coſine of the inclination to the horizon, 
ro the (ine of the height of the pole aboue the plane. 


Extend the compaſies from the ſine of 90 gr. vnto 51 gr. 
30”. the fine of the latitude,the fame excent will reach from 
the ſine of 40 gr. the complement of the inclination of the 
plane to the horizon, ynto the ſine of 30 gr, 12. 9. 


Or as the ſine of 90 gr. 
to the cofine of inclination of meridians : 
So the tangent of the latitude 
to the tangent of the height of the pole abouethe plane 


Extend the compaſſcs from the fine of go gr. vnto the tan- 
gentof 54 gr. 30m, thelatitude of the place , the ſame ex- 
cent will reach from the ſinc of 27 gr. 35 9%. the complemane 
o 


mar a | 
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of the inclination of the two meridians, vnto the tangent of 
320g7.12». And ſuchis Þ V the height of the pole aboue the 
plane, and ſuch muſt bee the height of the ſtyle aboue the 
lubſtylar. BR 
» 3 Thediſtance ofthe ſubſtylar from the meridian is here 
repreſented by NV thearke of the plane betweene the two 
meridians, and nfay be found by that which we have giuen at 
che farſt inthe former triangle P V Ng; For 


As the ſine of go gr. 
eo the ſine of the inclination to the horizon : 
So the tangent of the latitude 
eo the tangent of the ſubſtylar from the meridian. 


Extend the compaſſes from the ſine of go gr, vnto the tan- 
gent of 51 gr. 30 mn. the latitude of the place , the ſame extent 
will reach trom the fincot 50 gr. the inclination of the plane 
to the horizon , vnto the tangent of 43 gr. 55 mn, And ſuch is 
the arke NF the diſtance ot the ſubſtylar trom the meridi- 
al, 

4 Thediltances of the houre-liaes from the {ubſtylar,are 
here alſo repreſented by thoſe arkes of the plane , which are 
here intercepted betweene the proper meridian and the 
houre-circles , and may bce found by that which we haue gi- 
uen inthe triangles made by the plane, with his proper meri- 
dian and the houre-circles. For the angle at V, betweene 
the plane and the 7 5a meridian , is well knowne to bee a 
right angle , and the fide Þ V is the height of the pole aboue 
the plane, and the angles at the pole berweene the proper 
meridian and the houre-circles are calily gathered into a Ta- 

ble. The angie V Þ N betweene V P the proper meridian of 
the plane, and Þ N the generall meridian of the pace beii:g 
G2fgy. 25 m. the angle betweene the proper meridian and the 


X x Y circle 
-»* 
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circle of the houre of 11 , Will bee EM Latirude 51 30. 7 
25 mm. and the ang'e belonging to the |{nclination 50 0. | 
houre of 1,47 gr.25. mand tothe reſt of | Dif. Merid. 6z 2c. 
the angles at the pole. Then 4 


Alr. i{tv'i 30 12) 
\DiRt. ſubſty. 43 55. 


As the fine of go gy. An. bY 

- + Ang.Po | Arc, Via 

to the fine oft the pole aboue the 2 for "Ro 
plane: wv. 


So the tangent of the angle at the pole ,|17|77 #5 [66 4 
tothe tangent of the houre-line from [12 62 25 143 Fy| 
the ſubſtylar. | | 1147 25128 41 

| 2. 32 25 (17 43 
| bv. - extend the ue range? | , "7 » : : _ 
trom the ſine of 90 gy. vnto the tine of | 4 3| 

30 gr. 12 m. the height of the polc a- | | Aderia Subſty1, 

boue the plane , and 1 finde the {ame ex- | 5| "2 35 | ® 26 

rent to reach in the line of tangents from | ©| *7 35 | 74 44; 

77 gr. 35 m, yoto 66 gr. 4. m. forthe | 714% 35 *4 45 

diſtance belonging tothe houre of 11 857 35,35 23 

and from the tangent of 62 gr «25,90. to | 917 * 35 | 58 3 

43 £7. 55 8. for the houre of 12.as when 10,87 35 85 12 

I tound the the diſtance of the tubſtylar 

from the meridian. And fo for the reſt of the arks of plane 

betweene the ſubſtylar and the-houre-circles, as in the Table, 

Thele arks being thus found, will ſerue to d:aw the houre- 
lines on either (ide of this planz : but luppoting it to bee the 
vpper (ide, 

1 I draw the horizontall live C N , ſeruing for the mert- 
dian and houre of 1 2, 

2 Inthis line 1 make choice of a center at ( , and thence 
-— an occult arke ofa circle repreſenting the plane pro- 
pol 

3 1 find achord of 43 gr. 55 m». the diſtance of the ſub- 
ſylar from the meridian , and inſcribe it into this circle from 
N vnto A, according as I finde the proper meridian P V to 
fall inthe fundamentall diagram , and there 1 draw the line 
CA, ſcruing for the ſubſtylar. 

4 The 


in a polar declining Plane, 161 


VV YI 


v0__ww 
3238 
a \t 


NE 
x 


x _— 


I way inſcribe the chords 
: ſubſtylar, and draw the 
in the tormer planes. 
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cirele of the houre of 11 Will bee 772”, |Latirude $1 39. | 
4 25 mm. and the ang'e belonging to the |[nclination $0 ©. | 
j houre of 1,47 gr.25. mand lothe reſt of [15; \yeriq. 62 25, 
if the angles at the pole. Then Alr. {tvii 30 121 
k (Dif. ſublty. 4355. 
As the fine of go gy. XL AngÞs T1 Arc, Via 
" the ſinc ot the pole aboue the 2 "Gr. m.| "I 1 
ane! | _——_ _ 
Socks rangent of the angle at the pole ,|*?, 77 "5 4 4 
| tothe tangent of the houre-line from [1] 02 25 143 Fy| 
| the ſubſiylar. | | 1147 2528 41 
x 2 32 25 [17 43 
Whecefore I extend the compaſſes | Y 74 a , 50 
trom the ſine of 90 gy. vnto the bne of | 4 On, ap FS, 
30 gr. 12 ».. the height of the polc a- | WES 6 as 
boue the plane . gn 1 bnde rhe farnev.e!l 52 
rentto reach in tl EIA BD: | 
þ 77 $7. 35 myo. Sees ae <es 
q\ diſtance belongin os Ih 
F and from the tang ) oft 
- 4 4387. 55m. fort | wes,” 
| I tound the the d 0 : 1A 
| bl from the meridi- | fs A 
F» betweene the (&.. - Dm. F\ 
[| Thelc arks bei ,  #1\ ; 
I lines on either (ic bk ; Ws 3, 
. vpper fide, ( | 
p ; bs. I draw tl 4 YT, ; , A' 
bf dian and houre © * ; 
Y 2 Inthislin - {{ {1 - 
k deicribc an occul ob / a. Red 
k poſed. [ #7, LOA - off þ 
"1 3 I fknda // Pew ws 
| Rylar from the... < <Y Fw b 
} N vnto A, acco » bs £2 As 
fall inthe fuadan F $4 I. 
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in a polar declining Plane, BF. 
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4 The ſubſtylar being drawne, I may inſcribe the chords 
of the arkes of the plane from the ſubſtylar , and draw the 
houre-lines, and ſet vp the ſtyle, asin the former planes, 


CHAP. IX 


To draw the houre-lanes in a polar 
declining Plane. 


"LE planes whercin a line may be drawne parallel to 


axis of the world , are called polar planes , becauſe 
| Xx 2 that 


164 The deſcription of the howre-tines 
--... that line pointeth. vnto the poles, and theſe planes are always 
& parallel| ro ſome one of the houre-circles. It they be parallel] 
\ tothe houre of 6,they are called dire polzr planes; it to the 
_- . houre of 12, they arc called meridian planes ; and both theſe 
'are deſcribed before: if toany other of the boure-circle; , 
| > . a + /theyartthencalled byite name of polar declinu. g planes, 
| becau'c of their unclining to the pole, and declining trom tl © 
4 ) | vertical!, 
1 ' Ttc. ekind of plares may be knowne in this ſort: Fi: fi 
W |. conſider the inclination of re plar.c tro the hor1zon , which 
* itheſc parts of the world mult alwayes te Nor:hward , and 
moze then thc laticudc of the pla:e. Then find the decling- 
tion fromthe yeriicall, I Eele two being knowr.c it the pI Qs 


* portion hold, 


As the ſine of go gr, 
tothe colinc of che d.ciination : 
So the tangeat of the inclination 
eo the tangent of the latitude ; 
2 is thena polar declining plane , oth erwiſc not. 


y 
For example, in our latitude of 51 gy. 30 mm, a plane 1s pro- 
©: poſed declining from the verrticall 65 gr. 40mm. and inclining 
[| Northward 71 gy. 51 ». the vpper tace being cpento 4c 
{ Syutheaſt, and the lower to the x [t I number 
thole FF gr, 40 m.in the horizon of the fundamentall diagram 
| from E vnto 2 ,and draw the line H C $. it (lall repreſent 
T the horizontall line of the plane ; then crofſing it ar right 
+ angles with the plane B Z D drawne through the zenich,, ! 
F* number 71 gy. 51». for the inclination from 7 vnto R, and 
| k there draw thecircle HR © , this circle fo drawne {ha'l 1c- 
| by preſent the plane propoſed;and becaulc it alſo pafſeth through 
the pole, it 13 therefore a polar plane, But for farther triall I 
extend the compaſles from the fine of go gr. to the fine of 24 
gr.20 m,the complement of the declination , and I find the 
lame extent to reach from the tangent of 71 gr. 51 m, the 
xxliaation propoſed, ynto the tangent of 51 gr, 30 », which 


is 


.A% 43x 


{ ine declining Plune, 16s 


js the true latitude of the place, and therefore itis apolar 
plane. 

Aga ne I number the inclination 71 gr.5l m. inthe circle 
B LD from Z vnto 4. fo this poi AZ,wwill fall at the meet- 
ing of BZ D Wwuh the cquator and being 90 gr. from the 
lane at R it ſhall be the pole of this plaac,and a cucle drawnn 
chioough 47andP will be the proper meridian of this plane. 
This meridiau 47 P here falling on the hourc of 8 doth giue 
A1P7Z tte ang'e of inclination of merid:ans to be 4 houres 
or 60 degrees,gthen croſling che plane at the poiar Pit ſhewes 
that the tubllylar ſhould be ( P ard be placedat the houre of 
8. Put bxcaule P is the pole and C P the axis of the world, 
v herein all the houre circles doe meet, 2nd fo there would 
be 10 diſtin:t1on berweene the axis, the ſubſtylar and the 
hourclines. I now luppoſe the p'ane in a paralleil eo the circle 
H R Q according to the diſtar ce that I would hauc berwreene 
the ax15 of the ſtyle and the tuvitylar then will the ſtyle bee 
parall: | to the plane pg. 128 lin. 1, 

Here then the ſtyle will be para!leil rothe plane , and the 
houre-lines parallell one to the other , as in the meridian and 
dirct polar ptanes. Yct that we may better know how to 
draw the houcic-lines, and where to place the ſtyle, we are to 
conlider . 

1 The arke of the plane beiweene the 
horizon and the pole, 


In2 meridian plane the arke betwecne the horizon afid the 
pole which repreſents the arke betweene the horizon and the 
houre-lines, 1s alwayes cquall tothe latitude of the place z 
11 adire polarit 1s anarke of 9o gy; in theſe declining po- 
lars it 15-greater then the latitude , and yet lefſ=: then go gr. 
This arke is here repreſented by P Q and may be knowne by 
reloluing the triangle @NP or PRZ. 


\ 
Xx 3 As 


——D—— — —  — 
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As the ſinc of co gr. 
ro the «cine of the latitude: 

So thc fine of the declination 
ro the coline of the arke betweene the horizon and 
the Pole, 


Extend the ccmpaſſes from the ſine of ge gr. vnto the line 
of 38 gr. 30 ww. the complement of the latitude, the ſame ex- 
rent will reach from the fine of 65 gr. 40m. the declination 
propoſed, vnto the ſine of 34 $7. 3 4 99. whoſecomplem. nt 1s 
$55 gr. 26. the arke of the plane required betweeuc the ho» 
cizon and the pole. 


Or as the coſine of inclination to the horizon, 
to the line of 90 gr. 
SO the cotangent of che declination 
to the tangent of the arke betwceene the horizon and 


the pole. 


And fo extending the compaſſcs from the (ine of 18 gr. 9 
#”. the complement of the inclination to the tangent of 24 gr» 
20m, the complement of the declination the ſame extent 
doth reach from the ſine of 9o gr. vnto the tangent of 55 gy. 
26m. AndiuchisQ P thearke of the plane betweene the 
horizon and the pole, the mcaſure of the angle 2 CP bc- 
tweenc the horizontall line and the ſub(tylar. 


2 The inclination of the meridian ofthe plane, 
10 the meridian of the place. 


The ſubſtylar in a dire& polar plane is alwaics the ſame 
with the houre of 22, in a meridian plane it is the ſame with 
the houre-line of 6 : in theſe declining polars it mult be pla- 
ced betweene 12 ands, according tothe inclination of the 
meridian of the plane to the meridian of the place, _ is 

cre 


in « polay declining Plane, 167 
hererepreſented by AC F Z the complement of the angle 
R P Z,and thus knowne , 


As the fine of 90 py. 
co the fine of the latitude : 
So the rangent of the declination of the plane, 
to the tangent of the inclination of meridians, 


Extend the compaſles trom the fine of go gr. to the line 
of 51 gr. 30m. the latirude of the place, the ſame extent will 
reach trom the tangent of 65 gy. 40 mn. the declinatioa propo- 
{cd, vnto the tangent of 60gy. and luch is the angle of incli- 
nation betweene the ni of the place and the proper 
meridian of the plane, which relolued into time doth make 
toure houres z and ſo the ſubſtylar muſt here be placed ypon 
the houre of 8 in the morning. 

This angle being knowne , the reſt of the angles at the 
pole are calily gathered. For if the houre of 12 be 60 gr. di- 
ſtant from the mcridian of the plane, the houre of 1 will be 
75 2r.and the houre of 11, will be 45 gr. diſtant, and the 
reſt of the houres, asin the Table following. Then comming 
ro the plane. 

1 Idraw anoccult horizontall line H ©, wherein I make 
choice of a center H, and ceicribe an occult circle for che 
horizon of the plane. 

2 | finda chord of 55 gy. 26 mn. and inſcribe it into this cir- 
cle, from Q@ vnto B, according to the ſituation of the plane ; 
lo the line HZ ſhall be the meridian of the plane, and there- 
fore the lubſtylar : and the line AC crolling it at right angles, 
ſhall be the equator. 

. 3 I conſider the length of  - plane, and how _—_ _ 

am todraw vpon it, that ſo I may | keight 
of the Ryle;z and 1 finde by the andumencall da diagram Sa 
the former table, that it will containe all the hoares from 
Sun rifing ynrill t be : afternoone2 and therefore the 
meridian of the plane falling on the houxc of $ in the more 
ning, there will bc foure houres on the one fide, and fave _= 


— ————— 


x68 The deſcription of the hewre-lines 

the other fide of the ſubſtylar. But in all polar planes the 
heighc of the Ryle aboue the ſubſtylar mult be equall to the 
diſtance of thethird houre from the ſubſtylar, or about 2: of 
the fourth houre, orlittle more then 5. of che 6fe houre, and 
thereupon 1 allow the height of this ſtyle to be equall to C B, 
which you may ſuppolc to be ten inches. 


| 


4 Becauſe the equator A © is a tangent line 1a reſpect 
of the Ridius Þ C, and the parts thereof are ſuch as belong 
to the angles: berweene tbe. rcridian of the plane andthe 
houre-lines, which angles are ſet downe in the table follow- 
ing, 1 may finde the length of cach ſenerall tangent 1n this 
MAANCT» .. ' | % 


As the tangent of 45 gr. 


is co the cangeuc ui che howre 3 


So the parts ©: tie Radius, 


to che parts ut ihe tangent line. 


The angle A 'B C betweene the m- ridian of the plane and 


is « polar declining Plane, 


the hourc of 12, the n:cridian of the PraCe 1s Go gr, ll NE 


former table, aad the Radius 5 C 1s 
ſuppuicd © bu teu lch.s ; whercupo!) 
I exicna the compatlles trom che tan- 
git of 45 £7. Vito the tangent © 60, 
gre the laaig exient will reach t.om 10 
14 the hne of auy.bers, vnto 17. 32, 
which ſhewes the length of the tun» 
gcut-AC berweene the tu tt; lar and 
tn ho-reotio,to be a7. 32cerr, Tric 
hike reaſon ho.ds tor the reft of the 
hourcs- 

5 Theſe leng.hs being thus found 
a"d ict LCOWNE 11 Hh. tabic, | take cut 
I7wic es 32 cent. any prick them in 
the «<q ua'or trum C vnto A for the 
houre ot 12. a.d 37 inches 32 cent. 
and prick them dove tor the hr ure 
of 1, And lo the rc[t of the houre- 
points. 

6 I his done, it | draw right lincs 
thi ough cach of thete points, crofting 
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rhe £qua*or at r1ig'1; angles, they ſhall be the houre-}ines 
requi-ed ; and of 1 {er the ttyle 0..cr the tubliylar, fo as the 
cdyc of it may be parallel ro the piane, and the height of it 
be ten inches equali ro the former Radius B C, it (hail repre- 
icnt the axis of the world, and be truly placed for caſting of 
the ſhadow vpon the houre-linzs in this declining poiar 


plane. 
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Wl |: CHAP. X. 


To draw the hoxre-lines in a declininz 
mclining plane. 


þ a plane ſhall decline from the prime verrticall, and inclirc 
tothe horizon, and yet not lic cuen with the poles of the 
world, it 1s then called a declining inclining plane. 
Of theſe there arc ſcucrall forts ; for che inclination being 
Northward, the plane may tall berweene the horizon and the 
pole, as the citcle B 17 D in the fu 1damentail Diagram ; or 
|; berweene the zenith andthe polc, #8 BFD: or the inclinz- 
; tion may be Southward, and lo be repreſented by BKD , ic 
4 may aiſfo fall either bclow the mterſetion of rhe meridian 
and the equator, or aboue it; and cach of theſe haue two fa- 
ces, the vppertoward the zenith, and the lower toward 
the nadir ; wherein hauing the latitude of the place with the 


F 
1 
' 
$/ d.clination and inclination of the plaae , we are farther to 
| {: conſider, | 
'* 
! 


z Thearke of the meridian betweene the pole and the Pol 


plane. SI 


| &) 2 The inclination of the plane to the meridian. Na «| 
4 3 The arke of the plane betweene the horizon and the me- _ 
T ridia:1- a 0 
þ 4 The angle of i:clination berweene both meridians. + / 
q $ Theh-ightot the pole aboue the plane. ry 
Grany < 7/— 6 The diftanceof the ſubſitylar from the meridian. 24 
i wdſE,ce 7 The diſtances ofcach bourcline trom the ſubſtylar. Pf 


And 


in a declining incliming Plane. I71 

And all theſe ſeuen may be repreſented in the fandamen- 
eall diagram, as in this example. 

In our latitude of 51 gr. 30. a plane is propoſed, decli- 
ning from the verticall 24 gr 020 m9.and inclining Northward 
36 or. the vpper face lying open to the Southweſt, the lower 
ro the Northeaſt. If Inumber theſe 24 gr. 20, in the thori- 
zon from E to B,and there draw the line B C Dit ſhall repre- 
ſent che horizoncall line of the plane : then crofling ic at right 
angles with the plane H Z @ drawne throug! the zenith, | 
number 36 gr. for the inclihation from 2 vnto 4, and there 
draw thecircle B M D, croſſing the meridian in the point « ; 
chiscircle fodrawne hall repretent the plane propoſed ; and 
becauſe ir doth not paſſe through the pole, 15s therefore ao 
polar, bur an ordinary declining inclining plane. 

: The arke of the meridian of the place betweene the 
pole and the plane, i> here repreſerted by P 4, and may be 
- nt ' > 2 


far” 


# 
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'S CHAP. X. 


| To draw the hoare-lines in a declininz 
f mcliming plane. 


F a plane ſhall decline from the prime verticall, and incli!'c 

tothe horizon, and yet not lic cuen with the poles of the 
world, it is then called a declining inclining plane. 

Of theſe there arc ſcucrall forts ; for che inclination being 
Northward, the plane may tall berweene the horizon and the 
pole, as the cirrle R 17 Din the fr ndamands Doan 
| betw 
"x tion r 

i may a 
and c} 
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in « declining inclining Plane. I71 

And all theſe ſeuen may be repreſented in the fandamen- 
eall diagram, as in this example. 

In our latitude of 51 gr. 30. a plane is propoſed, decli- 
ning from the verticall 24 g7-20 9.and inclining Northward 
36gr. the vpper face lying open to the Southweſt, the lower 
ro the Northeaſt. If Inumber theſe 24 gr. 20 8, in the thori- 
zon trom E to B,and there draw the line B C Dit ſhall repre- 
ſent the horizoncall line of the plane : then croſſing ic at right 
angles with the plane H Z Q drawne through the zenith, | 
number 36 gr. for the inclihation from 2 vato 41, and there 
draw thecircle B M D, croſſing the meridian in the point « ; 
chiscircle ſodrawne (hall repretent the plane propoſed ; and 
becaule ir doth not paſſe through the pole, 1s therefore ao 
polar, bur an ordinary declining mclining plane. 

1 The arke of the meridian of the place betweene the 
pole and the plane, i> here repreſented by P 4, and may be 
tound by refoluing the triangle DP Ne, wherein the angle at 
Ns knowne to be a right angle, the angle at D is the angle 
ot inclination, the ſide D N the complement of the declinati- 
on, which 5eing knowne, 


As the ſine of go gr. 
ro the coſine 0: declination } 

So the tarigent ot inclination tothe horizon, 
tro the tangent of :hc meridian berweene the horizon 
and the plaine. 


Extend the compaſles from the ſine of go gr. vato the ſine 
of 65 gr. 40 2. the complement of the declination, rhe ſame 
extent will r. ach from the tangent of 36 gr. the inclination 
propoſcd, ynto the tangent of 33 gr. 30 mm. and ſuch is the 
arke of the meridian N.4,between the horizon and the plane. 
This arke XN 4 being compared with the arke N_P, which 
15 the clevation of the pole aboue the horizon,and 1s here ſup- 
poſed to be 51 gr. 30 mn. the difference N_4 commeth to 18, 
gr. and ſuch is the-of the meridian required berweene the 
pole and the plane? 

Yy 2 2 The 
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2 The inclination of the plane to the meridian is here re” 


prelented by the angle N'aD, and nay be found by tha? 
which we haus giuen in the former tnangle DN 4. For 


As the fine of go gr. 
to the fine of the declication from the yerticall > 

So the f1;e of inclination to the hon1zon, 
to the coſine oft inclination of the plane to the me- 
ridians 


Extend the compaſles from the ſine of go 97x, vnto the ſine 
of 24 gr. 20 m, thedcclination of the pane, the taine extent 
wiil reach trom thc fine 36 g7. the inclination ginen, vnto 
the coline of 76 gr. And ſuch is (4D the angle of inclina- 
tion berweene the plane D a, and IV a, the meridian of the 
place, Or 


As the fine of thearke of the meridian betweene the 
horizon and che plane, 
15 to: hc fine of go gy. 
So the corangent of the declination 
ro ihe tangent of 1uCiiuatiou of the plane to the 
meridian. 


Extend the compalſe* from the fine of 34 #7. 30 ». the 
arke of the mer dian betweene the horizon aud the plane, 
ynto the ſine of ge gr. the fame extint will reach from the 
ta'"gent of 65 gr. 40 mM. the compl. ment of th declination 
vnto the tangent of 76 gr. Aud ſuch is the inc:ination ct the 
plane to the mcridian, the lame a> before, 

3 Thc arke ottl'e plare between t!.c horizon a' d the m: - 
ridia", is txrerepreſen ed by D «, ard may alſo be found by 
that which we ave giuen 1a the former triavglc D 2\ a, 


As the coſine of ir clinztion tothe horizon 
is tothe fic of go gr. 


in 4 declining ircliwing Plane. 17.3 


So the cotangent of thed: C'ination ; 
to the tangent of che arke of ch2.plane .from the ho+ 
r1z0n to the meridian, 


Extend the compaſſes from the ſine of 54 gr. the comple- 
meur of the inclination of the plane to the h»rizon, vnto the 
ſinc of 9ogr. the {ane extent will reach trom the tangenc of 
65 gr. 40 mn. the complement of the declination,vnto the tart 
gent of 69 gr. 5497. Andiuch 1s D 4 the arke ot the plaac, 
be tweene the horizon and the meridian of the place. 

4 The inclination of meridiaus is here repretented by the 
angle 4 P b, For hauing drawne the proper incridian b P &, 
or let down a perpe dicular P 6 from che pole vato the plane, 
this perpendicular ſhall bc the meridian of the.plante ; and we 
ſhall have anocher triangle 46 P, wherein the angic at 6 is a 
right angle, becaule of the perpendicular, the augle at 4 is the 
inclination ot the planc to the meridian of the place, and the 
fide P 4,15the acke of the meridian betweene the pole and che 
plane, which being Kknowne, 


Asthe coſine of rhe arke ofthe merigian between the 
pile and the plane 
15 tothe fine of go gr. 
So the cotangent of the iaclination of the piine to the 
meridian, 
to the (avgent of inclination of the meridian of the 
piane,to the n-er1d1an of the place. 


Exterd the compaſſes from the fine of 7 2ey. the comple» 
meut of the arke P 4, berweene th: polc and thc plane, ynro 
the fine of go gr, the lame extent will reach rom the raagent 
of 14 g7. the. compleiwen: of the inclination ot the plane to 
the meridian, ymo the tangent of 14 97.41 9. And ſuch 1s 
theangle « P + of inclination berweene the meridian of the 
place and the proper meridian of the plane, which reſolued 
into time, doth mYke about 59 minutes, and fo the {ubitylar 
muſt hcxe be-placed necre rhe houre ot 1, aft. r noone, 

Yy 3 5 The 
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5 The height of the pale aboue the plane is here repre- 
ſented by Þ 6 The arkeot the proper menudian berweenc the 


poleand the plane, and may be found by chat which we. hauc 
glucn in thetriangle 4 6 P. For 


As for the fine of go gy. 
to the ſine of the meridian of the place betweene the 
pole and the planc : | 

So the fine of inclination of the planeto the meridian, 
tothe (inc of the height of the pole aboue the plane, | 


Extend the compaſles from the (ine of go gr+ vnto the fine 
of 18 gr, thearke P « of the meridian of the place f:om che 
ou to the plane , the ſame ex:ent will reach from the (ine of 

4 Þ the inclination of the plane to the meridian of che place, 
vnto the ſine of 17 gr. 267, Oc 


As the fine of go. gr. 
to the coſine ot inclination of meridians : 
So the tangent of the meridian of the place betweene che 
pole and the plane, 
to the tangent of the height of the pole abouc the 
plane. 


Extend the compaſſes from the fine of go gr. vnto the line 
of 75 £7. 19m. the complement cf « P 6 the inclination of 
the two meridians, the {ame extent will reach from the tar- 
gent of 18 gr, the arke P « of the generall meridian betweene 
the pole and the plane , ynto the tangenc of 17 gy. 26 »s, And 
luch is P & the height of the pole aboue the plane ; and ſuch 
muſt be the height of the ſtyle aboue the ſubſtylar. 

6 This diſtance of the ſubſtylar from the meritidian of the 
Placegis here repreſented by « 6 the arke of the plane between 
the two meridians, and may be found by that which we had 
giueg at the firſt inthe tormer rrjangle 46 P, For 


As 


/* 


As the ſſne of 90 ar. 


8 wertewrnlt-des lining g plane. = 175 


to the coſine of the inclination of the plane to the me- 


ridian x 


So the tangent of the meridian of the place berweeme 


the pole and the plane , 


vnto the tangent of the ſubſtylar from the meridian of 


che place. 


Extcnd the compaſſes from the fine |[atirude 51 30. © 
of go gr, vnto the (ine of 14 gy. the 'Declina. 24 20 
complement of 6 « P, the inclination of [[nclin. N, 360. 
the plane to the meridian , the ſame ex- | To mTuqTTDE 
teat wil reach from the tangent of 18 At. Merid: 69 $4: 

—_— 1: (Diff, Mcrid, 14 41. 
$7. the arke of the generall meridian |41 1, p 
berwcene the pole and the plane , vnto Diſt ( * Ts 
the tangent ot 4 gr. 30m. Andſuchis| ; bs - _ + = 
the arke of the plane betweene the two = fin oa 
meridians;and ſuch mult be the diſtance |= ee Bore Gr. M. 
from the howre of 12 to the ſubſty-| 7, 39 41 88 57 
Jar. $74 4147 3s 

7 The diſtances of the houre-lines| 9, $9 41 [#7 9 
from the ſubſtylar , are herc alſo repre- | 19, 44 41. 16 31 
ſented by thoſe arks of the plane, which *1| 29 41 9 41 


' 


are intercepted between the proper me- j4 14 41 4 39 
dian and the hourte-circles. For in theſe | | eri8 Subſtyl 


triangles the angle art 6 betwcene the; 71 © 19 © C 
plane and the prop:r mcridian is aright | 15 9! 4 4? 
angle, the (ide Þ 6 is the height of the | 3/32 19, 9 $9 
pole aboue the plane, and then the an- | 4, +5 J 16 $2 


gles at the pole berweene the proper | 5] 0 19 [27 45 
meridian and the houre-circles being | 6'75 19 143 51 
gathered into a table. WD '- 


As the fing of go gr. 
to the fine of the pole aboue the plane: 
So the tangent of the angle at the pole , 
to the tangent of the houre line fromthe ſabſtylar, 


Extend 


' ofthe houre-lines on cither ſide of the plane: but ſuppoſing 
| it 
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Extend the compaſſcs from the fine of go gr. vnto the fine 


of 17 gr. 26 m. the height of che pole abouc the plauc , the 
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ſame extent will reach from the tangent of 14 gr. 41 »s. the 
angle at rhe pole belonging to the huure of 12, vnto the tan- 
= of 4 £7430 mm. for the arke of the plane berweene the ſub- 
elar and the houre of 1 2 ; and from the rangent of 29 gr 41 
”. ynto the tangent of g gr.41 ms. for the hourc of 21 , andſo 
for the r<{t of the arks ot th: plane between the fubſtylar and 
the houre-lincs , asin the former table. 
Theſe arkes bcing thus found, will ferue for the drawing 
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it to be the ypper ſide, I confider how the lines doefall inthe 
fundamenrall diagram, and accordingly 

1 Idrawan occult horizontall line DD, wherein I make 
choice of the center (CC, ard thence draw an occult circle for 
the horizon of the p'ane. 

2 1 tinde achord of 69 gr. 54. . the arke of the plane be- 
eweene the horizon andthe meridian, and deſcribe ic into this 
circle from D vnto 4, ard there draw the line C « for the 
houre of 13. 

3 1 findeachord of 4 gr. 30 mv. the arke of the plane be- 
eweene the two mcridians , and inſcribe it into this circle 
from 4 vnto 6, and there draw theline ( 5 for the ſubſty- 
lar, 

4 The ubſtylag being drawne, I may inſcribe the chords 
oft the arkes of the plane from the ſubſtylar , and diaw the 
houre-lines, and ſet vp the ſtyle as in the former planes. 


A ſecond example of a Plane falling betweene 
the pole andihe zenith, 


" Inlike maner if in cur latitude a plane be propoſed decli- 
ning from the verticall 2 4 gr. 20 m. as before, bur inclining to 
the horizon 75 gr. 40 m. Northwaid , the vypper face being 
open to the $« uthweſt. the lower to the Northeaſt, this plane 
ſhall be here reprefented by the circle B F D, croſſing the me- 
ridian inthe point 4, betweene the pole and the zenith , and 
the proper meridian of this plane, by the perpendicular arke 
P ec. 

Then in this triangle D N d knowing the {ide D N the 
complement of the declination , with the angle of inclination 
to the horizon a: D,and the right angle at N , theſe former 
Caions will giue NN dthe arke of the meridian betweene the 
hurizon and the planeto be 74 gr. 20 9; and therefore P 4 
the arke of the me1idian betweene the pole ard the plane 
will be 22 gr.gom. theargie Dd XI, of the inclination of 
the plane to the meridian , will bee found to be 66 gr. 29 >. 
w Z nx and 
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and D d the arke of the plane betweene the horizon afd the 
meridia? 83 gr. 36 mm, 

Agaiac , inthe triangle Ped knowing the fide Þ 4d the 
arke ot the meridian berweene the pole aud the plane, with 
the angle of inclina'ion to the meridian at d , ad the right 
angiea' e, the angle d Pe of the inclination of the tao meri- 
diai's will be found to be 25 gre 17 m. — 
and P ere height of the pole abouc es ne 190" 29 
the pla e o be 20 gr. 5ow## anddethe |, ©, _ +2045 whe 
diſtance of the ſubltylar from the me- |" 17.5. 49 | 
ridianab ut9 gr. 32m. , Ale. Merid.\83 36! 

Laſt y , hautng tound the height of |L*ff. HMerrd)zy 17 | 
the pole ab-ue the plane, ard ga'hered Dt ſmbſty.) 9 32| 
the ar:glcsat the pole, the arks of the |445. Sryl. *20 50 
planic hott to the houre- |__ 
lines will be as 1n this tables + & AugÞo, | Arc,Paa, 

This done, if we confider how the - (Gr. M. * Gr.M, 
lines doe fall in the fundamentall dia- | 8 85 17\ 76 56 | 
grim , Wee may there ſee how the 9 70 171 44 47 
Nor'h pole is clcu:tcd aboue the low- [10/55 17] 29 11 
er face , and the South pole aboue the i111 40 17] 16 43 
vpper face of the plane,and according- '12, 25 17| 9 32 
ly make choice of a center, draw the | 2,10 17] 3 a 
horizont.ll, the meridian, the ſubſty- Merid | Subſtyl 
lar, and the hour: lines, and ſct vp the 


| 2) 4 43) 1 40 
ſtyle as in the other planes. | 3,19 48\ 7 16 
: | 4/34 43|13 50; 

A third exampleof a Planetr-= | 5,49 43123 46! 
clining ts the Southward. 6.64 43]37 ©; 


7179 43:62 $58 


If in our latitude a plane were propoled decluung trom the 
verticall 24 gr, 20 ws. a5 before , but 1nclining tothe hor.2on 
1427.20 w, Southward , the vpper face bring open to the 
Northeaſt , the lower to the Sourhweſt , chis plane ſhall be 
herc repreſented by the circle B K D crolling the meridian in 
the point f betweene the 2quator and the horizon, 
and the proper meridian of this place by the popes 

ar 


in 4 polar declining Plane. 


I79 


dicular arke P 2 let dowre from the pole to the plane, recre 
the houre of 11, atthe North part of the horizon , as may 
partly appeare by the necreſt cxrent of the compaſles , if the 
circle BKD were drawnce round; and the two letters f and £ 


ſupplicd. 


Then inthe triangle B Sf, knowing the (ide BS thecom- 
pleme1t of the d-cl1 ation , wich the angle of inclination to 
the horizon at B,and *he right angleat $, we may find SF che 
arke of che meridian berw.cne the hor1z »n and the plane to 
be 13 gr. 6m. And cheretore P f the are of the meridian be- 


eweene the pole and che plane to the 
Southward 11g gr. 24m. buc64 gr.36 
m, to the North ward , the angle Bf S 
or D f N of the inclination of the 
plane to the meridian , will bee found 
$427.9mzand 5f or Df the arke of 
the plane berween the horizon and the 
meridian 66 gr, 20 mm, 


Apaine , in the triangle P g fknow- * 


ing the ſide Pfthe acke of the mertdi- 
an be: weeue the pole and the plane, 
with the angle of inclination to the 
mc ridian ar F; and the 11ght angle at g, 
ene angle f Pg of (lc inclination of the 
two me'idia'vs will be found tobe 13 
27.72 mand P g the height of the pole 
aboue the plane , about 64 gr. and fy 
the diſtance of the !ubſtyiar from the 
meridian 1 2 gr. 8 ms. 

Hauing tound the height of the pole 
abouc the plare , ad gathered the an- 
ples at the pole , the arkes of the plane 
from the ſubſtylar to He hourc-lines 
will be found as in this toble. 

T bisdone, it we conſider how the 


Latitude 
Declination [24 20 
[nclinat ion 
asf. mersd. 
aft. ſnbſty, 
Alt. Styt. 
LAlr. merid, |66 2 


[Fl 30) 


w 6 | 


Io 


I2.13 
I'28 
2 43 
358 


473 
| 5 88 


79 33 (75 6 
5t 33 \58 56 
$146 33 [43 30 
9/31 33 [28 55 
16 33 [14 58 
337 T3Þ1-23 Is 
Merid | Swbſtyl 
12 8} 


IT; Aug. Po, Arc. Mm 
Gr, M. /Gr. M, 


| 


lines doe fall in the fundamentall diazram , we may there ſee 
how the North pole is eleuated aboue the vpper face , and 


Zrz 


thc 
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the South pole aboue the lower face cf this plane , and accor- 
dingly make choice of the center , draw the horizoncall , the 


meridian , the ſubſtylar , and the hourc-lincs , and ſec vp the 
; ſtyle as in the former planes, 


CHAP. XI. 


To deſcribe the Iropiques and other circles 
of aeclination in an &qui- 


nofiall Plane. 


L _ 
oy » a 
— ww, Sy +4 
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Vch circles as are parallell to the xquinoRiall , and yet fall 

within the crop:ques , may be delcribed on any plaie by 

help of theſe lines of proportion , but after a different maner , 

EX according as the ſtyle ſhail be either perpendicular,or paralic|l 
| : . + to theplane , or cut the plane with oblique angles. 


=. to the plane , the tropiques and other circles of declination 
; will bee p. rteR circles « wherefore conſider the length of the 
| ſtyle in inches and parts, and the declination of the circle 
| which you intend to d.ſcribe in degrees and minutes,the pro» 


” portion will hold. 

FE As the tangent of 45 gr. 

4 | to the length of the ſtyle : 

LE C So the corangent of the parallel] , 

SEV SSIOFIEL bed to the ſemidiameter of his circle. 
ach = /* 


> (5 

Suppoſe the length of the ſtyle abour the planc to bee 10 
Y - ba: 7, 7nches, and that it were required to finde the ſemidiamete: 
/ 


unto. 


| _ of the tropique, whole declination is knowne to be 23 gr. 30 
- (14:1 (6) 1M: extend the compaſles from the tangent of 45 gr. vnto the 


— rangent of 66 gr, 305. the ſame extent will reach in the line 

Ss of numbers from 10 vnto 23 , which ſhewes the ſemidiame- 
f «4 ter of the tropique to be 23 inchcs. Soif the declination bee 
5,4 +, 20grs the ſemidiametcr will bee 37 inches 47. cent; it 15 
| ft S AQ 


| In an —_—— plane where the ſtyle is perdendicular- 
c 
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gr. then 37. 32; if 10 gy. then 56. 91 ; if 5.gy. then 114, 255. 
and lo in ther: ſt. 
Orifir were required to proportion the ſtyle to the plane, 


As the tangent of 45 or. 

to the tangent of the declination : 
So the ſemidiameter of the plane, 

ro thelength of the tyle. 


As if the ſemidiameter of the greateſt parallell ypon the 
plane were but ſix inches, and that parallell ſhould be the 
ftr degree of declination : extend the compoſſes from the 
taugent of 45. $7. vnto the tangent of 5 gy. the ſame extent 
will reach in the line ofnumbrs from 6. oo vnto about ©. 53, 


LZz 3 which 


OSS 3p 
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182 "The deſcription of the Tropiques 
which ſhewes thac the length of the ſtyle m«.(t be 53 parts 
of an inch giuided 1nto x00 then the icngrh of the Ryle being 
Kkiyowne, the temudiameter of the other cucles will be found 
as before, 

1 begin here with the fift parallell , and thence proceed 
vntothe :ropique, becaulc the ſhado of the i£(t ucere the 
zquino&tall, would be oucrlong,and the xquinuRiall it (clte * 
cannot be deſcribed. The parallc's of Noth declination are 
to be {ct on the North tace,anc the parallels of South deciina- 
tion onche South tace of the plane. Nether necd thele pars... 
lelsto be drawne in full circles, b-t onely to the horizonrall 
line, which (hall be deſcribed in Cap. xvitj. 

Hauing by theſe meanes ſet vp the ityle to his true height, 
and drawne the circles ot dechinatio1 , if we ſhail place the 
plang fo as it ſhall make an angle with the horizon cquall to 
the complement of the latitude, and then turne it vncll the. 
top of the ſtyle caſt the ſhadow vpon rhe pa. allel of declina- 
tron belonging to the time, the m-11d-a1 of the plane will 
ſhew the meridian of the place, and the ſhadow ot the ſtyle 
the houre of the day , without the helpe of a magnccicall 
nccdices 


CREEP. XIL 


To deſcribe the Tropiques and other circles of 


declination in a polar Plane. 


Þ all polar planes, whether they be parallel to the m-ridian 
or to the circles of che houre of 6, or otherwiſe declining, 
the zquinoGtiall will be a right line, bot the tropiques and 
other circles of declination wili be lections hyperbolicall,and 
bc thus deſcribed, 


Conſt- 


and circles of declination, 183 


Confider the length of the ſtyle, the declination of the 
parailel, and the angle at the pole berwecne the ſubſtylar 
; and the houre-line, wkereon y ou mcane to deſcribe he pa- 
f rallel, A 
: " you would find where the parallels doe crofle the ſub- 

yiar; | 
As the tangent of 45 gr. 
to the cangent of declination : 
So 15the length of che ſtyle, 
to the diſtance ofthe parallel from the zquinoQiall. 


= 
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”  Avsinthecxample of the polar plane, where the length of 


the ſtyle B C was tound to be 1 inch, 61 cent, if yo deſire to 
know the diſtance betweene the zquinoRiall and the tro- 
pique ypon the ſubſtzlar line : extend the compaſſes fromthe 
tingent of 45 g7. vnto the rangent of 23 gr. 30 =». the ſame 
extent will reach in the line of numbers from 1, 62 vnto 0. 
50; and therefore the diſtance required is 70 parts of an 
inch dinided into 100. The like realon holdeth for all other 
parallels of declination crolling the ſubſtylar. 

Bur if you would finde where the parallels doe crofi: any 
other of the houre-lines , firſt find the diſtance borupenne 
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184 The deſcription of the Trapiques 
the axis of rhe ſtyle and the hourc-line, then the diſtance 
betweene the #quinoQuall and the parallel, both theſe may be 


repreſented in this maner. 


On the center B and any ſemidiameter B D deſcribe an 
occult arke of a circle, :'and therem inſcribe a chord of 23 gr. 


3o m. form D vmto T, with 
{uch other intermediat declina- 
tions as you intend to deſcribe 
on the plane, ſo the line B D 
ſhall be the zquator, and B T 
the tropique, and the other in- 
rermedare lines the lines of de- 
Clination, 

That done , conſider your 
plane, which for example may 
be cither the mcridian or the 
declining polar plane, whercin 
hauing Crawne both the #qua- 
tor, and the houre-lines as be- 
fore, firſt take out the height of 
the ſtyle, and prick that downe 
tn this zquator from B vnto C ; 
then rake out all the diſtances 
berweene Þ the top of the ſtyle 
and the ſeverall points wherein 
the houre-lines doe crofſe the 
#quator , transferre them into 
this zquator B D from the cen- 
ter B, andat the termes of thele 


diſtances ere& lines perpendicular to the zquator, crolſing 
thelines of declination, and note them with the number of 
the houre from whence they were taken : ſo theſe perpen- 
diculars ſhall repreſent thoſe houre-lines, and rhe ſeuerall di- 
ſtances betweene the 2quator and the lines of declination, 
ſhall giue the like diſtances betweene the zquator and the pa- 
rallets ofdeclination'ypon your plane, Vpon this ground 1: 


followeth. 
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is roth. linc of go gr. 4 
So the length of the (tyle, | 
to the diſtance between the axis ard the boure-line. 
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andcivcles of declination, 


To finde jhe diſtance betweene the axis and - 
the howre-lines. { 


As the coſine of the hcure from the ſubſlylar, \ i 


As if in the former <xample of the meridian plane, where 
BC the height of the ſtyle is ſuppoſcd ro be 10 igches, it 
were required to find the diſtance between B tothe top ofthe 
ſtyle and the point wherein the houre of 11 inthe morning 
Aaa Aoth 


al_GanE, a1 
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doth croſſ: the xquator, which is here repreſented by B $, 
becauſe it is the fift houre from the ſubltylar, whoſe angle at 
the pole 15 75 gr» Extend the compailes tron che fine of 15 
gr. the complement of the fift houre fro n the ſubſtylar, vnto 
che ſine of go gr. the ſame extent will reach from 10,.001n 
the line of numbers vnto 38. 6.4; and therefore the diſtance 
B 5 butiveene the axis and the houre-line, is 38 inches at'd 
64 cent. and may becalled the fecant of che houre. Then in 
the rectangle B 5 TT, hauing the (ide B 5, and the angle of de- 
Clination at B, 


4 To finde the aiſt ance betwrene the equinoetliall 
axd the parali '/j 


L = > As the tangent of 45 er. 

| % to the tangent ot the declination ; 

So the diſtance berweens the axis and the houre-line, 
to the diſtancg betweene the equinoRial! and the 
pa:allcl. 


Extcnd the compaſles from the tangent of 45 g-. vnt6 the 

tangent of 23 gr. 30m. the declination of the tropique, ſo 

.. the ſameextent wil reach in theline of numbers trom 3$., 
* * 64, thediſtance be:weene the axis and the bft hourc-line 
vnto 16. 80; and therefore the diſtance 1s 16 inches and 80 

cent. Thelike reaſon holdeth for all the reſt, which may be 
gathered and ſet downe in tuch a Table as this which t»!- 


.<t / - loweth. 
25 W herceinl hane ſer downe thelc diſtances for ſcucrall de- 


clinations, for 11 gr. 30 ms, for 1677.55 m.tur20 gr. 12. m. 
for 21 gr. 4! 2. and forth. declination of the Tropique 25 
gr. 30 mn, which may be applicd to the like cechinitions 10 al) 
meridia? and direct po/ar planes. 

As inthe former example of th: polar plane, where B C 
the height of the ſtyic is found to be 1 inch 61 cerr. if it were 
required to find the diſtance berweene B the top of the ſtyle 

] and 


and circles of declination, x67 


and the points wherein the hourc-lines of 7 in the morning 
or 5 atter noone, doe crofle the xquator (which diſtances, I 
calcd the fecants of chole houres,) cither yon may extend 
the compaſles trom the line of 15 gr. the complement of the 
houre trom che ſubſtylar vnto the tine of go gr. ſothe ſame 
TX; An.Po. Tange. Sccan. 1x 3016 55 20 12 21 41/23 30/ 
5 Gr M.\[n. Pa. 1n.Pa. In.Pa. In.Pa. In- Pa, In. Palin. Pay 
© 0 © 0 0(10 o|2 3 3 43939 4.35 
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extent will reach inthe line of numbers from 2. 6t the length 
of rhe ſtyle, va.o 6, 21, according to the former Canon. Or 
Elle you may make vic of the tormer Tavie, extending the 
compailes ia the line of numbers from 10.c0 th: length of 
the ityle in the Table, vato 1.61 che length of the ſtyle be- 
loaging to your plan fo the lame excent thall reach trom 28. 
64 the 1ccant i the T abie, vnt06, 21, and luch is your ſecant 
requi:ed, the diſtance berrweene the top of the ſtyle and the 
pount of intertet:on, wherein the fift houre line from the 
ſabſtylar doth crefic the zquator, 

Agaiae , the ſame excent will reach from 16. 82 the di- 
Rancc inthe Table belonging to the fite houre-line bervyeene 
the zquatour and the paralicl of 23 gr. 39». declination, vn- 
to 2. 70 tor the the like diltance vpon your plane ; anc fo tor 
the reſt , which nay be ga h.red and let downe 1a a Table. 

Tha: done, and the #qua- 
tor diawne as before , if you; ZZ An. PojFany, |Secant Trop. 
would eraw the tropiques| 5 {Gr-M. ln P. fin. Þ, InP, 


inthe polar plane , looke in-| 12 | © c{o ot 61070 
to the l abc, and take 7011 1115 to 431 63 O 72| 
cent,out of the line of inches,!;o 2/zo o |n 931 85 og8o' 


and pricke them downe in| g 3445 ©! 61]2 27 099 
the lubhylar on either ſidecof, 8 ,\4o o'2 7913 22 140 
the zquatour,and ſo 72 cemt.| , « 75 06 09 6 21 /2 70) 
on the firſt houre, and 3o on | 

the ſecond houre, and 2 ite T_— 
ches 56 cent on the tift houre from che ſubſtylar, and the reſt 
of theſe diſtances on their feue: all houre-lines,and then draw 
a crooked iine through all theſe points, fo as it makes no 
ang Cs , the lige ſo drawr.e ſhall bee the Tropike required, 
lalike mancr you may draw any other parallell of declinati- 
on. 


CHAP, 


axdcicles of declination, 359 
CHAP. XII. 


To deſcribe the Tropiques and other circles of 
declination in ſuch a Plane as is neither 
equinoctiall nor polar. : 


N Planes neither xquinoRtiall nor polar, the zquatonr will 

b- a right line , the tropiques and ochcr paralicls of decli- 
tation will bee conicall ſections, ſome of them parabolicall , 
{ome cllipricall, bu: the moſt of them hyperbolicall. 

To findethe points of incerſetion of thele parallels witl 
the houre-lines , wee are to conſider , fi {t the leng:h of the 
2x1s of the ſtyle in inches and parts of inches ; ſccondly the 
keight of the ({tyle aboue the plane ; thirdly the angles at the 
pole betweene the proper meridian and the houre-circles. 
Theſe being knowne, will help vs to find, firſt the avgle be- 
tweene the axis and the hourc-lines on the plane ; and then 
the d:\ſtance betweene the center and the parallels ; both theſe 
may be repreſented in this maner. 
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Let the triangle A 'B C be made equall to the ſtyle belong- 

, ingtoyour plane, A C the ſubſtylar,B C the axis of the ſtyle, 
AB the length of the ſtyle perpendicular to the plane, Thea 
hauing drawne the line B D perpendicular to the axis on the 
center B, and any ſeinidiametcr B D deſcribe an occult arke of 

a Circle, and therein inſcribe a chord of 23 gr. 30 m. trom D, 

. vntoT, on either ſide of the line , with ſuch other intermedi- 
ate declina ions as you intend to deſcribe on the plan, fo the 
perpendicular BD fhall be the xquator,and BT che tropiques, 
and the other interm-diate lines the parallels of declination. 
Wherefore you may take out the diſtance { V from the cen- 
ter to the zquator , and pricke it downe on the ſubſtylar of 
your plane from the center at C ynto Y', fo the line drawne 


” through 


and circles of declinatiov, Ton 
through Y perpendicular to your ſubſtylar, hall be the 2qua-« 
tor of your piaties 
Tha: done, take the diſtance of each houre-line betweene 
the center aud the equator of your plane, and pricke chem 
downe in the zquator of this figure; from the emer at C,nv- 
ting the place, where they crofle the zquator, with the n um- 
ber belonging to the houre , and d:awing the houre-lines 
from C chrough the lines of declination. 


Or hauing the Seftor you may draw an occult line {E per- * 


pcndicular to the axis B C, and therein pricke gowne the © 


tangent of the height of the {tyle aboue the plane, from C vn- 
to E. Then draw theline E F parallell to theaxis, croſſing 
the ſubſtylar produced in the point F , this hne E F will bee 


the line of fines vpon the Sefor, and therein you may pricke* 


downe thc fines of the complement ot the angles at the pole 
from E toward F , and draw the houre-lines by thoſe points 
through the lines of declination , ſo the angles at C berweene 
the axis B C and thoſe houre-lines , ſhall be the angles bey 
tweene the axis of your ſtyle and the hourc-lines on your 
plane., and the ſcuerall diſtances betweene the point C and 
the lines of declination , ſhall gi'c you the like diſtances 5c- 
eweene the center, and the parallels of declinatio:1 vpon the 
houre-lines in your plane. Vpon this ground it followeth, 


1 To proportion the fiyle wntotle plane. 


Conhader the height of the ſtyle aboue the plane, and the 
length of the ſubſtylar betweene the center and the place 
which you intend for the trodique. If it bee the tropique 
which 13 fartheſt from the center , adde 113 or, 30m; it che 
reercr tropique, adde 66 gr. 30. 7. vnto the height of the 
ſtyle , the remainder vnto 180 gr. ſhall giue youthe altitude 
of the Sunne aboue aboue the plane when he commeth tothar 
tropique. As in our latitude the height of the ſtyle above an 
horizonrall plane is 51 gr. 30. adde vnto this 113 gr. 30 w. 
the ſurmme 1s 165 gr. which being taken our of 180 g7. the 

remainder 
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reraindet will be 15 gr. and luch 15 the alticude of the Sunn®© 
abouc this plane w beu be con. mth to be inthe Winter iro” 
pique : but 1t you adce ©6 gr. 30m, vio 53 gre 30mm. there 


mairderto 1tG $'. will be 6agr. And tuch 1s the alutude of 
the Sunio i} © dumance I ropique, 1 hen, 


As the live of 66 gr, 30 m, 
io the 111c ot the Suns attitude ; 
So the levg:h «tf ihe jubitylar ling, 
to ThE icngh of the axis of the ſtyle. 


and circles of declination. ioz 


Asin the firſt examples of the declining verticall, where 
the height of the {ty'e was found to be 34 gr. 33 m. and is 
here 1eprelentcd before pag. 150. by the angle BC'S ; acde 
to this biciehe 113 gr. 39 ».tor the angle CB S,the ſum wil! 
be 148 gr. 3 9, andr' ercmainder to 180 gr, will be 31 gr. 57 
m.2nd tuch 15 the angle B & C of the altitude of the Sun a- 
boue the planc , when he cometh to ve 1n the tropique of S , 
which is here the fartheſt crop;que from the cenrer. 

Then ſuppoting the length of the fubſtylar line beeweene 
the center and the place which i ft for the fartheſt tropique 
to be abuut 21 inches , extend the compoaſlles from the {tne of 
66 gr. 3» 1. vnto the ſince of 31 gr. 57 mn, the ſame extent 
will reach mm che line of numbers from 21 vnto 12. 12 ,and {0 
the iength of the axis of the ſtyle ſhould be 12 inch. 11 cexr, 
Or ic inay ſurhce to make it tult 12 inches, as a more calie 
ground for the reſt of the worke. 

But if it were required to proportion the ſtyle vito the 
plane , ſo asit may caſt the ſhadow to the tull lengih of the 
ſubſtylar line ar all times of the ycare, you may then conſider 
the San inthe trop'que , which 15 to be ſet neareſt vnto the 
center, and adde 66 gr. 3o m. vnto 34 gr. 33 m. lo the re- 
mainder ynto 180 gr, will be78 gr. 57 mm. And if you exte1d 
the compaſles from the finc of 66 gr. 30 ». vnto the ſine of 
78 er..57 m.the ſame extent will reach inthe line of nambers 
from 21 ynto 22447 forthe length of the axis of the ſtyle. 


2 Hanuine the length of the axis , and the height of the 
ſtyle abone the plane, to find the length of 


the ſides of the ſtyle, 


The ſtyle of a plane neither zquinoRtiall nor polar, may be 
cicher a ſmall rod of iron {ct parallel! to the axis of the world, 
or perpendicular to the plane , orelſe a thin plare of iron or 
braſſe made in forme of a reRangle triangle B & C,with the 
baſe B (CC parallell co the axis of the world, the fide A B per- 
pendicular to the plane, and the fide A C the fame withthe 
ſubſtylar line, wherein — ,and the angle BA C, A 
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As the (ine of go gr. 
| to the length of the axis : 
' £$.44 (An | So the fine of the height of the ſtyle, 
3.0 tothe length of the perpendicular lide : 


#1. a 4 Fat And lo the coſine of the h- ighe cf the ſtyle , 
Wy (* | to thetevgth of the lubſtylar (ide. 


Thus in the former example, the length of the axis being 
ſuppolcd to be 1 2 iiches,and the hetght of the ſtyle 34 £r+32 
m. Extend the compatles trom the {i e of yo gr. ( or clic 
from the fine of 5 97 45 mm.) vito 12m iheline of nymbers , 
the ame extent will reach from the fine Oo 34 g7.. 33 mm. vnto 
6. 80 in theline of numbers for the lergth of the perpendicu- 
lar fide , and from the fineof 55 97. 27 ms. vnto 9. 88 for the 
length of che (ubſtylar (ide. 


£quator vpon the ſbſlylay line. 


This is here repreſented by CY, and may be found by rc- 
ſoluing the reQangle triangle C B Y. 


| T = L./ACV Asthe coſine of the height of the ſtyle, 
—_ 


is to the fine of go gr. 


| "0 So the length of theaxis, + /5< 
Th5c => (C0 : $ 


eo the diltance of the xquator from the center. * 6 


Extend che compaſles from the fine of 55 gr. 27 m. vnto 
the fine of go gr. the lame extent will reach in the line of 
nuTbers from 13 vnto 14. 57. Wherefore it you take 14 
mch, 57 cemt.and pricking how downe on your ſubſtylar l:ne 
from C vnto y, draw a line through Y , croſſing the tubſtylar 
at right angles, the line ſodrawne ſhall be the zquacor. 


4 To 


and circles of atctiuation. 195 

4 To lind the aneles contained betweene the 4 

 equatour and the howre-lines 
Up9n your plane, 


KA 
E. <a ByY % TP 
Theſe angles made by BY and the houre-lines, are com. © —\ 
plements of thoſe which are at C, betwcene B Cthe axis and FI 
thoſe ſeuerall houre-lines , and depend vpon the angles at the | i 
pul:, berweene the proper meridian and the houre-cucles. .Þ 
ThE: 5c he T-BYC oo 
As the (tne of go gr. + BT i 
to the coline of the angle at the pole : R /\ Ee” FR: 
So the cotangent of th. height of the {tyle K ———_—— 7. (%T. { 
ro the tangent of rhe angle berweene the zquator and - Bezyhs 7 {i 
the houre-line, Mio. 1/2 a HA 4 & FJ Þy C- « / 
: —R T Pa(ot, OY 
In our example the height of the ſtyle is 34 87. 33 9 an | 
the proper meridian fallcth to be the (ame with the circle ot hoo 7.154 C - iy 
the ſecond houre af er noone , whereupon the angle at the +4 
pole, betwecne t4-1S proper meridian, and the circles of the fat T/3 - + 
houre of 1 on the one ſide, a11d 3 on the other ſide , will bee AT: SJ 
- loT- 
15 g7 5 lo betw:ene this meridian and the houre-circles of 12 py 
and 4, the angle will be 30 gy. &c. as in the Table, 7 413 « Thc: 


an ÞiſAre Pa AntquC Y/ CS C Wo a. C/ 1/7 
| Gr. M1 | Gr M. Gr MM. fa, P. [n, P. In. my Lt AX C 
ſubſty (») o! © O55 27 14 57/120 So 11 27, ' {- HT. 
8-4 I50! 8 28\5 4 3214 74/21 36 11 25 ws 4 - / : F | 
12 4j130 048 8\;1 3015 33123 44rr 40. of (-* /3CT i 
it 5/45 0129 33145 4516 75|t9 05 11 76, 
10 6160 0/44 30{35 0©20 0050 8412 77 
| 9 7175 © 64 42/20 363, 10, Infins [15 82 
38 8'90 © 90 ol © oInfinic| '27 60 
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 Ifchenicberequired to find the Angle , which the houre- 
inc of 4 after noone doth make with the plane of the #qua- 
B b b p 4 7. tor, 
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tor, that is the angle C 4 B contained betweene the houre- 
line C 4 andthe line B 4 , drawne from the top of the ſtyle 
vnto the interſeRion ot the houte-line of 4 with the #qua- 
tor, 

Extend the compaſles from the fine of go gr. vnto the tae 
of 6o gr. the complement of the angle at the pole , the tae 
cxient will reach trom the tangent of 55 gr. 27 mm. the com- 
pl: ment of the height of the pole, vnto the targenc of 51 £7» 
30mm, and ſuch isthe angle C4 B in the diagram Pag. 150. 

Or in crofſe-worke, if it were required to finde the angle 
C 9B, looke into the Table for the houre of 9 , andthere you 
hall find the angle at the pole to be 75 gr ; andif you extend 
the compaſles from the fine of go gr. vato the tangent of 55 
27.27 mn, the ſame extent will reach from the fine of 15 gr. 
che complement of 75 gr. vnto the tangent of 20 gr. 36 m. 
and ſuch js theangle C 9 B,made at the zquator betweene the 
line B 9 drawne from the top of the ſtyle , and the houre- 
line C 9 drawne from the center. The like reaſon holdeth for 
the reſt, which may be found and ſet downe ina table; then 
may you either draw thefe angles at { in the former figure 


more perfealy , and thence finiſh your worke , or elfc pro- 
ceed 


s T6 findethe diffance betweene the center and the 
parallels of declination, 


The diſtances betweene the center and the parallels of de- 
clination , may be found by refoluing the criangles made by 
the axis B Cthe lines of declination, and the houre-lines. For 
hauing the angles at the zquator , and knowing the declina- 
tion of the parallel, if the parallel ſhall fall betweene the z- 
quator and the center , adde the declination vnto the angle at 
the zquator z or if it ſhall fall withoutthe aquator, take the 
declination out of the angle at the zquator , ſo ſhall you haue 
the angle at the parallell Then 


As 


and circles of declination, 


\ ; 
ST Wu 
\ As theſine of the angle at the parallcll, qd 

to the coſine of the declination; * 
So the length of the axis ot the ſtyle , | 
to the diſtance betweene the center and the parallell. 9 


T hus in our example , the angleat the 2quator belonging 
to the houre of q after noone , was found before to be 51 gy. 
30 9: if you would find the diltance berweene the center and 
che #quator,exrend the copaſles from the ſine of 51 gr. 30 w. 
vnto the ſine of go gr. the complement of the declination, 
the ſame extent will reach in thelincof numbers, from 12 
vnto 15. 33, and ſuci is the diſtance vpon the houre-line of 
4 betweene the center and the zquator. 

If you would tinde the diſtance vpon this houre-line, be- 7; 
eweene the-center and the inner tropique, whoſe declination C/5 © © a 8 - 
is knowne to be 23 gy. 30. adde the declination to the an- (5 
gle at the zquator, to th: angle at the parallel will be 75 gr...1/ 3 Rh 
wherefore exrend the compaſles from the ine of 75 gr. vato | Ae F 
the ſine of 66gr. 30. the complement of the declination, eh =| 
che ſame extent will reach in the line of numbers, from 12 © © | 
ynto 11, 40, and ſuch is the length of the houre-line of 4 be- 8 
tweene the center and the tropique of Vy. 7. C/30 = 

If you would finde the diſtance vpon this houre-line be- _ , 
tweene this center and the tropique of 5, which is here the (* 7. 0 /& 
tartheſt trom the center, take che declination out of the angle x 
atthe zquator , ſo the angle at the parallell will be 28 gr. */ Yer * 
wherefore extend the compaſles from the fine of 28 gy. vnto | 
the (ine of 66 gr. 30». the lame extent will reach inthe line © 
ofnumbers, from 12 vnto 23.44, and ſu -h 1s the diſtance be- 
tweene the center and the tropique of Þ vpon this houre- 
lme of 4. Thelike reaſon hold-th for all the reſt, which may 
be gathered and ſer downe ina table. 

hat done and the zquator drawne as before,if you would 
draw the tropique of 5, looke into the table, and there find- 
ing vnder the title C S the diſtance of the ſubſtylar Herween 
the center and the parallel of © to be 20 inch. $0 cent, take 
Bbb 3 20 
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; 20 inch. $0 cen. out of the line of inches, and prick them 
8 downe in the ſubſtyiar »f your plane from C yato S. 

| Or if either the center fall without your plane, or che ex- 
tent be too large for your compaſſes, you may prick downe 


C Y bertweene the center and che zquator is 14. $7, the di- 
f ſtance C © 20. 30, the difference 6. 23, therctore taking 5 
» inches 23 cev#. prick them downe o the ſubſtylar from Y 
t; vnto &, and you ſhall have the ſame interietion of the tro- 
| Pique and the ſubltylar, as before ; and the like rexſon hol- 


| | the differe:ce b-rweene C Y and C S. As here the otitance 


| deth for pricking downe of the reſt of thele diſtances 01 
P their ſen rall howre-lines, 
þ Then hauing the points of interſe ion between the houre. 
oe lines and he parallel, you may toyne them all in a crooke. 
[ES line without making of any angles, the line {0 drawae ſhall b-: 
WIEVW the tropique required. And after this maner may you draw 
| f any other p_ of declination, wher.of you haue cxamplcs 
in the molt of the tormer Diagrainss 


i oh CHAP. XII1I. 


T </c 


Todeſcribe the parallels of the Siznes in any 


ey in kh - 
5 vl SY | of the former Plans. 
g- 
Cl = He zquator and the tropiques before def-ribe.} , &- 
(+ v A». A ſhewtheSunsentrance into 4 ofthe 51g1e5, thc aqua ©: 
7 * 4h into Yand =, the one tropique into S, and chevthier inn 5+, 


C7 x. = thereſtof the mtermediare Si znes will be deſcribed in thc 


2 lee. © ſame manner as the tropiques, if firlt we know their decltt1i 
Y tion. 
82: Oc The _ of finding the declination not onely of the be- 
ginning of the Signes, bu of all other points of che ecliptique, 
34 Hoxpla þ- oy Amp WA Arc « © As 1s 


| | [1 B«=C 1 1- Chix ®7J. Ou8n= Of. h Ao > 
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is before ſer downe in 2 Prop. Aſtronomical, pag. 52. by 
which you may find the declina'ion of the begining of &, 
mM,ana'N, x tobe 11 gr. 30m. andof I, N,F and = to bee 
?o gr. 12m. It then you inicribe che chords of rt gr. 30m, 
and of 20 gr. 12 m. intothe former figure BD T Pag. 14s, 
from D toward T, the lines drawne from B through the 
termes of thole chords ſhall be the Signes required, 

Ard with thete declinacions, the height ot che i{tyle, and 
the length of the ax1s, you may fhinde the angles at the parallcl, 
and then the diltances berweene the center and che patallell, 
which being pricked downe vpon their feurrall houre-lines 
ſhall gue y uthe points of 1nterieRion, by which you may 
draw the parallels of the Signes, as in t he hgures bclorging 
to the polar planes. 


— —-— —_— - - — — —_ _ —”— 
_ — — - _ 7 


CHAP. XV. 


To deſcribe the parallels of the length of the day 
in any of the former Planes. 


He length of the day wi'l alwayes be 12 houres long 

when the Sun 1e commerh to be in the zquator and this 
holdech in all lati:udes ; bur at other times ot the yeare the 
ſame place of the Sunne, will not giue the ſame lengrh .f the 
day 11 another latitud. ; wherefore the latitude being known, 
we arc firſt 


To finde the declination of the Sunne agreeing to the 
length of the day. 


Conſider the difterence betweene the length of an zquino» 
Atall day and the day propoſed, and turne the time into de- 
grecs and minutes. 


A$ 


209 Parallels of the length of the day. 


Wh - / os \- Ne As the ſine of go gr. 

= \WW isto the ſine of halfe the difference: 
Fn lo Ox W | So the corangent of the laticude, 
KI'\ 3 Y to the tangent of the declination. 


' — » 
| Nhaeg As if the length of the day propoſed were 1 5 hourzs, the 
Py RD= Ae” differe!1ce berweene this ard an zquinoRtall day ( whoſe 
2 


| length 1s al aics 12 houres } would be three houres, which 
i al-/- make 45 g7. -nd the hal'c difference is 22 gr. 30 #, where- 
fore exte d the comp les from the fine of 99 gr. vnto the 


bf Ax SOA = tang nt of 38 gr. 36 ». the complement of the latitude , the 


-_ __ ſameextent will reach from the ſine of 22 gr. 30 m9. vnto the 
i "A/C = tangent of 16 gr. 55, m, for the declination of the Sunne at 


P 0 of tbe | b ofthe day .- 20T 

ach time as the length of che day 8 excher 9 or tg hours; 7/2 
and trom the fine ot Ma vato the taugenc of 21 gr, 40 ws, of Dex! 4 
for the declunatuon beluuging to & ur 16 houres,aud trom 
{inc ot 15 gy. vato che tahgeuc of 11 gr. 38 =». tor the / t | 
natiog bexunging 5010 Os 14 houtos, aud trom the liuc of Y. q. 0.7 + 
7 gr. 30m, vatuche cangtat of 5 gr. 56, tor the Uegitiia» all 1,7 « ty 
tion ol che Sun when che he of the day is curher It ora Hts Fu 4 
houres. | I bi 

It chen you inſcribe the chiprde of, thee arkes into the for- V4 | 7/4 I 
4 PF a6 A | - <F 


"4 mn a1 Me? 


1.4 


20d 


P aveBels of the Length of Hh day. 
owe figare BD 7; thi Hines drawie from PF rough rhe 
remps of ric ſtarks; frilfbe the lines belonging to che diut» 
nail arkes, andthe feuctalt diſtances bervyeerie chem and che 
poine © pine thit like diſtances betweene the center and che 
parallels of che tength ef the day vpon the hoaretines ini your 
dns 

j Or comparing thefe angles of declination with the angles 
at the zquitor, you may haue the angles at the parallel, and 
then find the diftances berweene the center and the parallcl, 
which being pricked downe vpon the ſeucrall houre-lines 

_ otimerfetion;” by WINeh Jou may 
aw. the parallels of the length of the day,whereot you haut 
aFrher example in the diagram belonging to an horizodnesl 
planc peg, tos; And by the ſame reaton you maey draw the 
Faiall ls of thoſe ci Ces to which the Sunne 1s verticall, rhe 


. parallelsof che primſcivall feaſts, or what clic depends on the 
-dEclination of the Sunnc. 


—_— — 


CHAP. XVI, 


To draw the old vnequall houres in the 
former Planes. 


I. was the manner of the Ancients to divide the day into 
-welue <quall howes,and the night into twelue other cqual 
howes, and ſothe whole day and night into 24 houres. Of 
thele 24, thole which belonged vnto the day, were <1: her 
longer or ſhorter (excepting the rwo zqmnoRiali dayes) 
then thole which belonged vnto the mgh:; and the Suinmer 
Houresalwaycs long-r then the boures in the Winter, accor - 
ing to the lengthening of the dayes,wheretpon they are cal- 
old viicquall (and by Tome the Phancrary) houres. 


gw « F To 


> —_— — ;: ———_ —__ ———— _—" 


To exprefſe theſe in the former Planes : firſt draw the 
common houre-lines, the zquaror, and the tropiques, as be- 
fore 3 then deſcribe two occult parallels ot che length of the 
day, one for 9 houres, theother for 15 houres ; for ſo you 
may draw a ſtraightline for the brſt vnequall houre through 
5 he. 45 » inthe parallel of15, and through 8 hs. 15 mm, in 
the parallel of 9. This ſtraight line ſhall paſſe direAly through 
7 ho.o m. inthe @&quator, and ſo cut off a twelfth part of the 
arkes aboue the horizon, both from theſe two parallels and 
the zquator ! and being continued vntohe tropiquesy, it (ſhall 
alſo cut off about a twelfth part from them, andall the reſt of 

the parallels of declination, without any ſenſible error. 
Tn like manner may you draw the ſecond ynequall honre 
through 7 ho. inthe parallel of 1 5, through 8 bo. in the xqua- 
cor 
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Houres from Sun riſing end Syn ſetting, 


eor,and through 9 ho, in the parallel of 9, and ſo1u the reſt, as 
inchis Table. * ; 


pO Is 
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+5 +0. +46 
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And of theſe vnequall houres you haue a farther example 
inthe diagram belo.iging co che polar declining planc, Fag. 


I 30. 
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To draw the hogres from Sunne riſing and 


T 


Sunne ſetting in the former 
lanes. 


O know how many houges arc paſt ſince the Sun riſing, 
or hew many remaine to the Sun ſetting ; firſt draw the 


comMON 


Houres frem Sun riſing and Sun ſelting, 205 


common houre-lines, the zquator, and the tropiques, a5 be= 
fore : then deſcribe rewo occul- parallels ofthe tength of the 
day, one for $ houres, and the other for 16 hourcs. For ſo 


YI 5: 1 Wn 


you may draw the firſt houre from the Sun riſing through 
thecommon houres of 5 in the parallell of 16, vf 7 inthe 
zquator, and of 9 in the parallel of 8. In like manner the ſe- 
cond houre from Sun rifing throagh the common houres of 
6 in che parallel of 26, of $in the zxquator, and of 10 in the 
para'lel of 8. And fo thereſt in their order. 

The firſt houre before Sun — or the 23 houre w_ 
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206 To dr aw the horizontal line, 
the laſt San ſetting, may be drawne in like fort through the 
common houres of 3 after noone in the parallel of 8 of 5 in 
che equator, and of 7 iathe parall.l of 16, The ſecond houre 
before Sun ſerring, or the 23 houre after the laſt Sun ſerti 
through the con:mon houres of 2 in the parallel of 8, of 4 in 
the xquator, and of 6 in the parallel of 16, And lo the reſt in 
the like order, whereof you tanc another example in the Dia- 
gram belonging to the declining verricall, Pag.116, 


——— — w 
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CHAP. XVIII. 


Ts draw the horizontall line m the 
former planes. 


He common houre-lines doe common depend on the 
(ſhadow of the axis, but the parallcls of the Signes, and 
of the length of the day , the houre-lines from Suu rifing 
and Sun ſcrting with many others, depend on the ſhadow ot 
the top of the ſtyle, or ſome one point in the axis, which 
here ſignificth the ner of che world, and is repreſented by 
the point B. And thelc lines 1o depending, are then onely vſc+ 
full when they fall berwcene the two tropiques, and (within 
the horizon. ; 
There may be ſcucrall hotizontall lines drawne vpon cues 
ry plane, as I ſkewed before in finding the inclination of a | 
plane ; but the proper horizontall line which is here meant, 
muſt alwaies be in the ſamc plane with B the top ot the ſtyle; 
fo that in an horizonrall plane there can be no ſuch horizon- 
| tall line, bur 1.a'l other planes it may be found by applying | 
P the horizontal} leggeof the Seffor vmo the top of the ſtyle, 
and then working as before ; and the interſection of thisline | 
'S with the meridian or ſubſtylar lme, may be tound by propor- 


1 To 


To draw the horizontal line, 207 


1 To finde the imerſettion of the horizon with the £ 


meridian, 1 4 41uinotial plane, / 
As the tangent of 4s er. FE 
to the rangent of che latitude ; 


« So is the height of the ſtyle, 
to the diſtance berween the Ryle and the horizon- 
rall line. 


As inthe example of che former zquinottiall plane, Pg. 
142, ext.nd the compaſles from the tangent of 45 gr. vato = 
51 gr. 30 mn. the tangent of the laticude, the ſame extent will | 
rcachin ihe linc ef numbers, from 52 the length of the (tyle / 
vnto G6, aid ſuch 15 the diſtance berweene the ſtyle and the 
horizontall line ; wherefore I take 66 parts out of aline of / 
inches, and prick chem downe in the meridian line trom C 
vnto H aboue the ſtylc in the upper face, but below the ſtyle 
in the lower face of the plane, fo a right line drawne through 
H, parall<l tothe hauie of 6, ſhall be the horizonrall line. 


2 To findtheimterſeftion of the horizon with the 
meridian, in a dirett polar plane, 


As the tangent of 45 gy. 
to the cotangent of the latitude ; 

'So the length of the ſtyle, 
tothediſtance bervyeene the Ryleand the horizon- 
tall line. 


F As inthe exatnple of the former pvlar plane, Pag.144. ex- 
tend rhe compaſſes trom the ranger of 45 h vato tangent 
of 38 gr. 30m. the complement of che latitude, the ſame ex- 
ten will reach in the line of Numbers, from 2. 61 the length 
ofthe Ryle, vnto 1. 28, and ſuch is che diftance ypou che _ 
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208 'The deſcription of the vertical circles 

ridian betweene the tyle and the horizonrall line. 
In all vpright plant's, wherher they be dire verticall, or 

declining , or meridian planes , the horizoncall line muſt al- 

wayes be drawne through A the foot of the Ryle, as may ap- 

peare inthe examples betore, Pag, 102, 107.116, 

And gencrally i: all planes whatfoeuer , the horizontall, 
line muſt be drawne th'ough the inter!: Etion of the &qua- 
rour with the houre of 6 Or if that interſection fall wreh- 
out the plane, yet if any arks of the l-ngth of the day be 
drawne on the plane, the ho 1zonrall line may be drawne 
cErough + heir interſections , with the houres of the Suns rt- 
ſing or letting. 


wh 


C RAP. £ZI1X. 


' Todeſcribe the verticall circles in 
the former Planes. 


*F*He vertical! circles commonly called Azimuths are great 

I circles drawne through the zenith, by which we! may 
know in wha: part of the heauen the Sun 15, how far from che 
Eaſt or Welt, and how necre vnto the meridian. 

In all vprighr planes , whether they be direR verticals, or 
declining , or meridian planes , the temidiamererot the hort- 
zon will be thc ſame with 4 B the perpendicular t:de of the 
{tyle, and theſe Azimuths will be parallels one to the other , 
and the diſtance of cach Azimurh , from the foote of the {tyle 
vpon the horizontall line , may be found in this man r. 

Conſider the length ofthe ſtyle in inches and parts of in- 
ches, and the diſtance of cach Azimuth from the ſtyle, accor- 
ding to the angle at the zcnith in degrees and minutes. 


As the tangent of 45 gr. 
tothe rangent of azimuth : 


NY) 


The deſeription of the eommuen azimuths, 


So the lengeh of the (tyle, 
to the length of the —— line betweenec the 
Nyle and | azimu.h 
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- 


v1 (cN 


— — 


Þ © 1 0M Bf j 


A+ if it were required to draw the common azi;muths on 
the South face of the verticali plane before Ce'cribed, where 
A B thelengithot the ſtyl: may be ſuppoſed to be 10 inches, 
Here the plane having no declinatio,the ſtyle isin the plane 
»f the meridian, and to pointeth directly into the Souch, 
The poin:of $ 6£is 11 gr. 15 m. diſtant from the ſtyle , and 
D dd SSE 


210 * The deſcription ofthe Azimwths, 


SSE22 gr. 30 w.and the reſt in their order : wherefore ex® 
tend the compaſles from the tangent of 45 gr. v-to 30 1n the 
line of numbers, the ſame extend will reach from the tan” 


ent of 11 gr. 15 , vitol.99 in 
the line of numbers for the length 
of the tangear line , betweene the 
ſtyle andthe point S& ZE , and from 
the rangent of 22 gr. 30. vnto 4+ 


14 for SSE , andio for the reſt, as 


in this Table, 

Jnlike maner in the firſt examp)e 
of the declining plare , where the 
Ryle ſtandeth according to the de- 
Clinati.-n 24 gr. 20 9». diſtant from 
the South toward the Weſt, The 
next point of $6 W is but 13 gy. $ 
"7, Jitant fromthe itylez and the (c- 
condof S S$ W oncly r gr. 50 mand 
the third of SS is againe 9 g7-25 
w.and the reſt in their order. Wher- 
fore hauing before found the length 
of the ſtyl: to be 6 inches Bo parts, 
extend the compaſles from the tan- 
gent of 45 gr, vnto 6. $o parts in 
the line of numbers , the Yame cx- 
tent will reach from the tangent of 


24 gr. 20m. vnto 3,07 intheline of 


numbers for the length of the ran- 
gentline betweene the ſtyle and the 
South, and from the tangent of 13 
gr. 5m.vnto 1. 58 for the point of 
Sbiy,; and (ofor the reſt , a« in this 
Table, 

That done,tf von take theſe parts 
cut of a line of inches , and pricke 
them downe in the horizontall line 


en cither ſide of the ſtyle, drawing 


— 


Az (An Zen Tangen| 
IZED 
South | © 00 
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SSE 22 30 4 L4 
SEbS 33 45/6 68 
FE 4s 010 O09) 
SFEBE 56 1514 97) 
ESE 67 30124 14 
EbS 78 4550 37 
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SHS | 9 25| 2 13 
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Smbwg1 58) 4 24 
[#5 1943 10) 6 37 

[54 25] 9 $9 
7-49.25 ©2 
76 55.29 26 
82 2021245 
right 
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right lines perpendicukr to the horizon through theſe inter- 
{:ions , but ſo 35 they way be contained berweene the ho- 
rizontall and the tropiques , the lines fo drawne hall be the 
2x: muths required, 

Jn an horizoncall plane theſe azimuths are drawne more 
eaſily. For hcre the rperdicular ſide of the ſtyle is the ſame 
with the axis of the horizon , and the foote of the ſtyle is the 
verticall point , in which all the azimuth lines doe mcete as 
their circles doc inthe zenith 3 wherefore let ary circle de(- 
cribed on the center A, at the foote of the ſtyle, be dinided 
firſt into foure —_— at the meridian,and then cach 
quarter ſubdivided cuther into cighe equall parts, accor- 
ding to the points of the Mariners compaſſe, or into go gr. 
according tothe Aſtronomical! dirifion if you draw ri 
lines through the center and theſe diviſions , the lines fo 
drawne ſhall be the azimuths required. 

In all ather planes inclining to the horizon , theſe verticall 
circles will meete in a pointe , bat that verticall point being 
more or leſle diſtant from the foote of the ſtyle , the angles ar 
this point will be vacgquall, 


1 To findthe diſtance betweene the foote of the 
ſtyle, andthe vertical point. 


The verticall point wherein all the verticall lines do meet, 
will be alwayes in the meridian, direaly vnder or ouer the 
top of the ſtyle ; and the angle berweene the perpendicular 
ſide of the ſtyle and the verticall line , will be equall co the in- 
clunation ot the plane to the horizon. Wherefore Ns 


As the tangent of 4s gr» 
tothe tangent of the inclination of the plane ; 

Sois thelength of the ſtyle , 
rothe Lillance betweene the foote of the iyle and 
the verticall point. 


Ddd 2 Thug 


212 The deſcription of the azimnths* 


Thus in the firſt example ofthe declining inclining planes, 


Where the vpper face of the plane looking Southwelt, the de- 
clinktion was 2427+ 20 the inclination 36 gr; and you may 
\uppole AB thc length of the ſtyle ro be 6 inches 2 if you ex- 
tend che compaſles from the rangent of 45 gr. vnto tl:8 tan- 
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gent of 36 gy. the ſame extent will reach in the line of num- 


bers from 6.00 vnto 4. 36, for the diſtance A Y betweene A 


the foote of the ſtyle and Y the yerticall point, 


* Fl 


wpan an tnclining plane, 213 


2 To find the diſtance betweene the foote of 
the ſlyle and the hor17omtall line- 


As the tangent of the inclination of the plane, 
15 to the tangenc of 45 gr, 

So the length of the ſtyle, 
to the d:{tance betwceene the foote of the ſtyle and the 
horizontall line. 


$o the ſame extent of the compaſles as before , will reach 
inthe line of ni:mbers from 6,00 vnto 8 26 tor the diſtance 
A H berweene the toote of the (tyle and the horizontall 
line. 

Then may youtake 4 inches 36 cent. and pricking them 
downe from A the foot of the ſtyle vnto/ the vercicall point 
in the meridian , draw the line Y A, which being produced 
ſhall cut the horizon in the point H with right angles, and 
be that parti-ular azimuth which is perpendicular to the 

lanCcs 
: Or you may take 8 inches 26 cent. and pricke them downe 
in the former line A produced from A vnto H,and fo draw 
the horizontall line thgough H perpendicular vato V H, 
which horizontal line being produced will crofſe the qu. - 
torin the ſame point wherein the zquator croſſzth th. houre- 
line of 6, vnlefl: there be ſome forincr error, 


3 To find the angles mace by the a\imut! lines 
F - 
at the wverticall point. 


The angles at the zenith depend on the decliciation of the 
plane, as in our example , where the ſtyle ſtandgth according 
to the declination 24 gy. 207. diſtant from the Sou.h roward 
the Welt, the azimuth of 10 gr, fromthe meridian Eaſtward 
will be 34 gr. 20 mw. the azimuth ot 1097. Weſtward will be 

Ddd 3 onely 


> aw. - - 


FRE m 


Av SIE 3 <9 
Me OTE; 2 LOTTO TD 


214 The defeription of the azimuths 
onely 14 gr, 20. diſtant from the ſtyle , and ſothe reſt in 
their order, ; 

Or if you would rather deſcribe the common azimughs, 
the point of $6 £ will be 25 gr. 35 mv. the point of 56 W 13 


r, 5 m, diſtant fromthe ſtyle, and {othe reſt 1a their order, 
hen | 


As the line of 90 #Y. 


tothe coſine of the inclination of the plane : 
So the tangene of the angle at the zenith, 
to the rangent of thc angle at the vertical) point be- 


tweene the line drawne through the foot of the ſtyle 
and the azimuth required. 


Wherefore the inclination of the plane in our example be- 
ing 36 gr.extend ch: compaſles from the fine of 90 gr.vato 
the ſine of 54 gr. the ſame extcot 2 
ſhall reach in the line of tangents, |eAzs. | 
from 24 gr. 20m. vnto 20 gr. 599. \muths,|Gr. M 
for the angle 7a at the verticall [FFF go 35g 
point, betweenetheline/ Hdrawn '; > [69 2c 65s © 
through A the foote of the ſtyle |. =,5).g > $2 2 
and the Scuth. Againe , the ſame |, c > 46 50/40 46 
EXtEnte will reach from the rangent + E 35 34 30 3 
of 13 gr. 5 mw. vnto 10 gr. 38 wv. for |South 2.4 20/20 $5 
the angle belongingtro $6; and [cp 11; ohio 39 
ſo forthe reſt, as 1n this table. $SW 1 50| 1 29 

Theſe angles beirg knowne , if Style. | © © 
on the center /, ar the verticall |c,, ; c- 9 25| 7 38 
point , you deſcribe aa occult |o,, 40116 58 
circle ; and therein inſcribe the |cggypy 3s Fj1g In 
chords of theſe angles fremthe line ';,, < ,,, ; 4. 17 po 
V H, ard then draw right lines 4 


| W 6 8 
through the verticall point , and hls 5 = 2 


the terms of thoſe ch , the lines 


ſo drawne hall be the azimuths _— = $3 4 4 
required. —— 
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vpen an inclining plane. 215 
The like reaſon holdeth for the drawing of the azimuths 
vpon all other inclining planes,whereof you hane another ex- 
ample in the Diagram belonging to the meridian incliner , 
Pag. 126. 
Oc for further ſatiſfation you may finde where each azi- 
ruth line ſhall croſſe the equator. 


As the fine of 90 gr, 
co the ſine of rhe latitude 

So the tangent of the azimuth from the meridian , 
to the cangent of the zquator trom the meridians 


Extend the compaſſes from the ſine of go gr. vnto the ſine 
of our latitude 51 gr. 30 mw. the fame exren: will reach in the 
line of rangents from 10 gr. vnto 7 gr. 50m for the interſe- 
Rion of che zquator with the azimuth of 10 gy. from the 
meridian. Apgaine, the ſame extent will reach from 20 gre 
vnto 15 gr. 54 m. forthe azimath of 20 gr, And ſothe reſt,as 


1n thelc rablcs. 


| Azim, Equat.\ Azum, Equa, | 
10 of 7 50 TEC 
20 oſly 54 23 3017 53: 
[30 0124 20 33 45/27 36) 
[40 033 18) 45 o[38 2) 
159 ©43 ©; 156 15149 30! 
150 O[53 35 [67 3062 6, 
[70 0/55 3 [78 45175 44, 

: 139 "177 18 '90 olgo ' 
90 olgo © | 


_— — -— — 


F By which you may ſ:e tht the azimuth 90. gr. diſtant from 
thameridian, which is the line of Eaſt and Weſt, will croſle 
thelzquator at 90 g7, fromthe meridian in the ſame point, 
with the horizontallline and rhe houre of 6 . And that the a- 

zimuch 
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z\muth of 45 gr. will crofle the zquator at 38 gr. 2 »s. from 
the merid an, that is , the lineof SE will crofſe the zquaror 
at the houre of g and 28mm, in the morning,and the line of SW 
at 2 ho, 32 min, in the attcrnoone z and lo for the reſt, wherg- 
by you may examine your focimer worke. 


CHE XX. 


To deſcribe the parallels of the horizon 


m the former planes. 


Hom para'lels of the horizon, commoaly called Almican- 
ters,or paraliels of a!tirude ( whereby we may know the 
a\titude of th: Sun aboue the horizon) hauc ſuch reſpeR vnto 
the horizon, as the parallels o* declination vato the #quator , 
and ſo mzy be deſcribedin like maner. 

In an horizontall plane , theſe parallels will be perfect cir- 
cles ; wherefore knowing the length of che ſtyle in inches 
and parts, and the diſtance ot the parallell trom the horizon 
in degree: and minutes. 


As the rangent of 45 gr- 
is the lengel: of ch. ſtyle 2 

So the cotangent of the parallell 
to the ſemidiametcr of his cucle. 


Thus in the example of the horizontall plane, Pag. 164.if 
A' the length of the tyle (1.all bc 5 inches, and that it were 
required to Bude the ſemidiameter of the parallcil of 62 gr. 
extend the compaſles from the tangent of 45 gr. vnto 5. 00 
in the line of numbers , the ſame extent will reach from the 
—_— of 28 gr. the complement of the parallell vnto 2. 65, 
and if you dcicribe a circle onthe center A to the ſemidiame- 
ter of 2 inches 65 cent. it ſhall be the parallell required. 
In 


wpon an borizontall plane. 217 


In all vpright planes , whether they be direRt verticals , or 
declining , or meridian plancs , theſe parallels will be conicall 
{cRions, and may be drawne through their points of interſe- 
ction, with the az\muth lines , in the ſame maner as the pa- 
rallels of declination , through their points of interſetion 
with the houre-lines. To this end you may firſt Ede the di- 
{tance between the top of the ſtyle and the azimuth;zand then 
the diſtance berweene the horizon and the parallell, both 
which may be repreſented in this maner, 

On the center B and any ſemidiameter B H, deſcribe an 
occulr arke of a circle, and therein inſcribe the chords of ſuch 
(wow of altitude as ycu intend ro draw on che plane, (1 

aue here put them for 15. 30. 45 and 60 gr.) then draw 
right lives through the center and the termes of thoſe chords, 
ſo theline B H ſhall be the horizon , and the reſt che lines of 
altitude, according tothcir diſtance from the horizon, 


That done, conſider your plane (which here for example is 
Eee the 
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the Sonth face of our verticail plane , pege 168) wherein 
bauing drawne both the horizoarall and verticall lines, as 1 
ſhewed before, firſt rake our «A B the length of the ſtyle, 
and pricke that downe in this horizoncall ine from 2 vaty 
A ; then take cant all the diſtances berweene B the rop of 
the ſtyic and the leuerail points whercin the vertical) lines 
doe crofic the horizontall , transfterre them 1nto tins hort+ 
zonail lineB H, trom the center B, and. at the terines of 
thele diſtances ere lines pervendicular toche horizon, no- 
ting them with the number or lettcr of the azimuth trom 
wh<nce they were taken, ſo thele perpendiculars ſhall repre- 
{c.:t thole 2zin uths, and the ſcucrall diſtances berweene the 
horizor aid the lines ot- alticud- (hall giue the lice diſtan- 
ces, betwcene the ho11zonrall and che pariile's of a.tirude 
vpon the azimuths in your piaxe. V poi this ground ut fols 
ioweth, 


— — ——__C/ — W—_—_— - ———— 


1 To find the diſtance betweexe the top of the ſtyle,and the 
ſererall paints whecein the az1mgths ave croſſe 
the horizentall line, 


Having drawne the horizontall and azimuth lines as <- 
fore,looke ito the tabic by which you drew them,and the 


you ſhall have the angles at the zenith. Then 


1 2*14,4" *C pon 4 vertical plane s 
As the coſe of the angle at the zenith, I 
isro the ſine of go gr. : w_ 
So the length of the ſtyle, | 4 
to the diſtance required. ; + 
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py cant, Par, 15+ Par. 
v444- (Ang, Ze Tangent Secant Pare fe ne 


the, Gr. M.'Tach. "Þ. Inch, P.\Inch. P. Inch. P. 
. | © o\0 o|jto 00, 2 68 5 77 
It 15] = ggjfio 20 2 73/5 90 

22 30) 4 14gjllo 82] 2 90 6 24 

33 45| 6 68112 03] 3 23, * 94 

45 olto co14 14] 3 80 8 16 

56 1514 97 8 oc| 4 8210 40 
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67 30/24 1436 13 o215 o8 
8 45150 2751 26113 "7329 60 
go ofinfar, ſinfinit. [nfinit. Infinit. 


As in our example of the verticall plane, where AZ the 
- length ofthe ſtyle was ſyppoſdto be 10 inches, extend the 
compaſſzs from the ſine ot 78 gr.'45 . (the complement of 
I1gr- 15 #.chcangicat the zenuh, belonging to $.6; Z and 
$6 W)vynco the fjnc of 90 gr. the fame extent will reach from 
Io, 00 the length of the ſtyle, vnto- 20.29 for the diſtance be- 
tweene the top of the ſtyle and che interſefion of the azi- 
muth $& £ with the horizonrall line, which diſtance may be 
called the /ecart ot the azimurh, and may ferye for the draw- 
ing of the parallclot 45 gr. fromthe horizon, The like rea- 
ſon holdeth for the reſt of theſe diſtances here repreſented in 
thelineB H, 


2 To finde the diſtance betweene the horizon 
and the parallels. 


As the tangent of 45 gr. 

to the tangent of the parallel! ; 
So the ſecant of the azimuth, 

to che diſtance required, 


 Aifit were required to draw the parallell of xy gr. o_ 
t 


up0n an inclining plane, 221 ' 
the horizon, vpon this verticall plane ; extend the compaſles 
from the tangent of 45 gr. vato the tangent of 1 5 gr.the ſame 
extent will reach in the line of numbers from 10. oo the ſe- 
cant of the South azimuth vnto 2. 68, and therefore the di- 
ſtance berweene the horizon and the parallclt of 15 gr. is 2 
inches 68 cent, vpon the South azimuch. Againe, the ſame 
extent will reach from 10. 2othe ſecantof $6 EF vnto 2.73 
for the like diſtance belonging to $5 E and $6 W; and fo 
for the reſt, which may be gathered and ſet dowae in the ta- 
ble. 

That done, and the horizon and azimuths being drawne, 
pricke downe 10 inches from the horizontall line vpon the 
South azimuth, and 10 inches 20 cent. on the azimaths of 
Sb E andS8MW, and 10 inches $2 c-»e. on the azimarths of 
SSE and SS, and 12 inches 3 cent. on the azimuth of 
$EbS and SHWbS, and fothe reſt of thele diſtances on their 
ſeucrall azimurhs 3 then if you draw a crooked line through 
theſe points, that may make no angles, the line ſo drawne 
ſhall be che parallell of 45 gr. fromthe horizon, In like man- 
ner may you draw the parallel of 15 gr. or any other parallell 
of altirude vpon any vertical plane. 

It the plane incline to the horizon, after we haue found 
the verticall peint, and drawne the horizonrall line, weare 
farther to finde the length of the axis of the horizon , then 
the angles betwixt this axis and the azimuch lines, and fo 
the ſeuerall diitances betweene the parallels and the ver- 
ricall point , all which may be repreſenced in this man- 
ner. | 

On the center 'B, and any ſemidiameter , deſcribe an oc- 
calr quadrant of a circle , and therein inſcribe the chords of 
ſach parallels of altirude as you intend to draw on the plane, 
drawing right lines through the center and the termes of 
the chords, ſo the line B H ſhall be the horizon, and his 

cular B V theaxis of the horizon, and the reſt the 

lines of altitude, according to their diſtance from the ho- 
FI1ZONs 

That done , conſider eggs, which here for example 

ec 3 is 
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ls the firſt of our three declining inclining planes , wherein 
hauing drawne both che hor1zontall and verticall lines as L 
ſhewed before , firſt take our the axis ofthe horizon, which 


i. 
-Y 


isthe line between 'B the top of the ityle and V the verticall 
point, and pricke that downe in this figure trom ZB vnto /; 
then cake our both the line Y H and all the reſt of the diitan- 
ces berweene V the verticall point and the ſcucrall points 
wherein the verticall lines doe crofle the horizontall line of 
this kgure, from the point Y,, noting the place where they 
croſic the horizontall line with the number or letter of the 
azimuth from whence they were raken, and drawing the azi- 
muth lincs from V through the lines of alticude. 
Or hauing the Seffor you may draw an occult line I" E per- 
pendicular to the axis / B, and therein prick downe the tan- 
ent of the complemenc of the inclination of the plane 
rom V ynto E : thendraw the line EF parallel to the axis, 
croſſing the line V H produced in the point F, fo this line 
E F will be as the line of fines vpon the Sefor, and thercin 


you 
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you may prick downe the 4ines of the complement *of the 
2:\gles art the zenith from E towards F, and draw the vertical 
lines by thoſe points chrough the lines of alticude, ſo the 
argles art V, berweeue the axts V B and choſe azimuth lines» 
ſhall be the angles berweene the axis of the horizon and the 
azimuth lines on your plane, and the ſcuerall diſtances be- 
tweene the point V and thelines of altitude, ſhall giuc rhe 
like diitances betweene the verticall point and the parallels 
of altitude vpon the azunuths in your plane, Vpon this 
ground uc foilowerh, 


1 To finde the lenzth of the ax of the 
Horizon. 


The verticall point is al wayes cither direAly ouer or vn- 
d:r the top of the ſtyle, aud the diſtance berweene them is 
that which I call the axis of the horizon , which may thus be 
found, 


As the coſine of the inclination, 
to the line of go gr. 
So the length of the (tyle, 
tothe length ot theaxis of the horizon, 


For exarple in the firſt of the three declining inclining 
planes, the inclinatiouto the horizon is 36 97, the lengih of 
che ſtyle A B (1x+ inches, extend the compaſles from rhe ſine 
ct 54 g7. the complement of the inclination vrto the fine of 
$0 er. che lame extent wiil reach ia the line of numbers from 
6.00 vnto 7.42, andiuchis V B the length of the axis re- 
quired, % | 


2 To 
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2 Tofinde the angles contained betweene the 
horizon and the vertical lines + 
wp04 your plane, 
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The angles at the verticall point betweene the axis of the 
borizon and theazimuth lincs vpon your plauc are repre- 
ſented in this figure by thoſe at V , betweene VB and the 
2zimuths. The angles berweene the horizon and the azi- 
murth lines being complements to the former, arc 1epreſen- 
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 - pow anincliving Plane, _ 

ted either by thoſe which are made by VE or by[B H, and 
the azimuth lines which are drawne from V. | 

That you may finde-them, looke into .he Table, by which 

you drew the azimuth lines, there ſhall you finds che angles 


As theſine of go gy. 
to the coſine of the angle at the zenith 
Eo the tangent ot the inclination to the horizon, 


to the tangent of the angle berweene the horizon 
and the verticall linc. | 


In our example where the inclination to the horizon is 
36 gr. andthe anglc at the zenith bcrweene the azimuch at 
the ſtyle and the mer,dian, is cecooting io the declination 
24 27420 m.cxtend the commpaſſes from the (ine of go gr. vnto 
the tangent of 36 gr.the ſame cztent wi'l tcach from the fine 
of 65 gr.40 =. the complement of the angle at the zenith, ya- 
co he rangent of -33 gr. 30 »». for the e contained be- 
rweehe che hor zon and the South part of the meridiaa line. 
Againe, the ſame extent will re>ch trom the coline of 35 gr. 
35 mn. the ang'e at the zenith belonging to $6 E ynto the 
tangent of zo gr. 3 =. for the angic betweene the hori- 
zon and the. aztmuth line of $6 E. The like reaſon hol- 
Gſ tor thc r61t, which may be found aud ſet downe in the 
Table. 
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fxg. |Ang Ze dng V[hngHaflodoon #7 15 3f 2465 0, 
«Gr. M.jGr. M.jGe. N. [lngh. Þ P, loch P. P.t 
b £1435 big 13\46;q0. in- | | 69 11 <d 
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bS 103 $5106 2| 9 20| fi>» [2202423 49,9” 
S E gi yo92 16 1 20] ante. 44_98/'5_57 7 Go 
EbE8o 3578 25' 6 47/52 82123 4413 07, 6 68 
SE 69 z06s 014 23/29 87/16 79/10 12 
£6858 y53 2521 'o[25 7013 61 
SE 146 5040 '4626 25/16 68 Jt go! 8 


G 2020 $33 30/13 44/110 32] 7 66 
13 Fto 3935 1712 8410 » Þ- 55 
7 


$87 r 5o r2y35 5912 63] 9 94 
F 4% » ———_—_uy_ " 


| F\33, 5526.45 31 golg 13jt0 67 7 81 
WS +143 1037. 11.27 $5/15 85|L.1 Fo 8 15 5 49 
Wb) |54 2548 3022 x59 os)t2 94) 8 73| 5 66 
Weſt (65 4060 4816 40/25 B75 519 69 5 96 
w b N76 $573 58-9 2>]45 75)29 64/'2 326 46 
9s 1087 44 1 20jrh. 8833 2244 17 7 35 
NWow 99 25101 35 6 47 Lyft- 192 go 19 60] 8 45 
ALW 111 40tro 014 23!nite. 31 441l'o 3 


Then may you either draw theſe angles at V inthe former 
figure more perteRly, and thence finith your worke, or clfc 
procced. | 


3 To finde the diſtance betweene the Sivicas point , 
and the parallells of the hori2.0, 


Theſe diſtances may be found by reſolving the triangles in 
the laſt fagure made by the axis, the lines of altitude, and the 


azimuth 
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azicenth lines." For having che length of the axis and the an- 
gles at the horizon, if you adde the diſtance of the parallel! 
trom the horizon vnto the angle at the horrzori , you (hall 
hauc the angle at the parallel, Then 


As the ſine ofthe angle at the parallel, 
to the coſine of the altitude ; 
So the length of the axis, 
to the diſtance betweene the verticall point and the 
parallel, 


Thus is our example if it were required to finde the di- 
ſtance vþon the (tylar azimarh V H, berweene the vertic-ll 
point and the horizon, you haue the retangle triangle V BH 
wherein the angle at the horizon here repreſented by BH V 
is (equall tothe inclination of the plane) 36 gr. and B V che 
- axis of the horizon berweene the plane and the top of the 
ſtyle, is 7 inches 42 cexe, Wherefore exterd the compaſles 
fromthe ſine of 36 gr. vnto the ſine of go gr. the comple» 
ment of the alticude, the ſame extent will reach in the line of 
numbers from 9+ 42 vnto 12, 62, and ſuch is the diſtance of 
the perpendicular azimuth line V H betweene the verricall 
poiut and the horizon, 

I[nlike manner if you would finde the diſtance vypon the 
meridian between the verticall point and the horizon, extend 
the compaſſes from the ſine of 33 gr. 20m. the angle at the 
horizon, to the fire of go gr. the fame extent will reach in 
theline of numbers from 7.42 vnto 13. 44 and ſuch is Ys 
the diſtance betweene the verticall pgint and che horizon 
vpon the line of the South azimuth, chat is, upon the meri- 
dian line, _ 

Bur if you FBuld Ende the diſtance vpon the meridian be- 
tweene the verticall point and any other parallcll of the ho- 
rizon, as ypon the parallel of 26 gr, 342. then adde theſe 26 
£7. 34 1m. vnto 33 £7. 30m. the angle atthe horizon , ſo ſhall 
you hauc 6o gr. 4m». for B D V the angle at the parallel. And 
it youcxtend the compaſles _ {ine of 60 gr, 4 mm, vnto 
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238 The propertion of ſhadowes. 
the fincof 63 gre 26 wv. the complement of the parallelt from . 
the 75g {ame extent will rcach in © tes ot num- 
bers trom 7. 42 the length of the axis, vnto 7. 66, and {uch 
isthed ſtance Y D berweene the verticall point agd the pa- 
parali.ll of 26 gr. 34 ms. ypon the meridian lines Thelike 
reaſon bolderii for all the teſt, which may be gathered and 
let downe 11 the table. 

That done,and the horizondrawne as before, if you would 
draw the paralicl ot 26 gr.34 m.trom the horizon, looke into 
the cable, and there finding vnder the title of the parallel of 2c 
34, the diſtance on the Sonth azimuth line to be 7. 66, take 7 
iaches 66 cent.out of aliae ot inch<s.and prick them dow 01 
the meridian of your plane, from the verticall point at V. 

O- 1t either.the. verticall point fall wichout your plaac, or 
the extent at any time beroolarge tor your compaſles, you 
way pricke downe the diſtance betweene .the horizon and. . 
the par-licl. As here the diſtance berwceene the verricall point 
and che parallel is 7. 66, b.tweene the verticall point and the 
horizon 1 3. 44, (he difference betweene them 5.78 is the di-. 
Ra::icc from che borizonto the parallcl,, which being pricked 
downe upon the meridian, ſhall giue che ſame interſeRion as. 
bcfore. And the like reaton holdeth for the pricking downe. 
the reit of theic diſtances on their ſcucrall azumuths, 

Having the points of -interſetion betweene the azimuths 
and the parallel, you may ioyne them all ina crooked lice 
without making of angles,the line ſo drawne ſhall be the pas 
rallellrequird. And vpen this ground ut tolloweth, 

1 
To deſcribe fuch pargllels on the former plants, as may ſhew 
the proportionof the ſhadow vnio the gnomen, 


6 - 

The proportion of a mans ſhadow. vnto his height , or 0- 
ther ſhadow to his gnomon ſet perpendicular ro the horizon, 
may be ſhewed by parallels to the horizon,if they be drawne 
to aduc altitude, which may thus be found; 


AY 


VpOB a incliniue Plane, 


1 "AAS. 
As the length of the ſhadow, 

to the length of the gnomon ; 
Sd the tangencof 48 gr 

to che ranger of the altitude, 


Asif it were required to finde the altitnde of the Sunne 
when the ſhadow of a man ſhall be decaple to his height, ex- 
tend che compaſſes from 10 vnto 1 in the line of numbers, 
the lame erence wall reach in the tangent of 45 gr. vntothe 
tangent of 5 gr.42 9; which ſhewes that whenche Sun com- 
mc. h to the alcitude of 5 gr .42 w, your ſhadow, vpona leycll 
ground, will be ten times as much as your height.. In-cthe 
lame mancr you may ſinde that at 7 gr. 7 . of altitude your 
ſhadow will be otuple, at 9 gr-27 m.{excuple, at 11 gr.18 =, 
quintuple, at 14 g7.2 9. quadruple, at 18 gr. 26. triple, at 
26 gr.34 #. double to your height,at 33 groq1 m.as z vnto 2, 
at 36 gr.52 79.48 4vntO Z,2t 35 gr. 40m.Aas 5 vnto 4.at 45 gr. 

all,at $1 g7. 209.423 4vito 5, at 53 gr.7 7.45 3 vnto 4, at 
$6 gr 1999 a$2 vato 3, at SHgr. 29m.aS3vntoy, at 63 gre 
26 m.2aS1vnco 2, &c. 

If then you draw a parallcll to the horizon at x gr. 42. 
another at 7 g7. 7 9. and fo the reſt, when the thadow ot the 
ſtyle falleth on the parallell, you haue the proportion, and 
thereby may you know the ſhadow by the height, and the 
height by the ſhadow, whereof you haue exampics Pag.136. 
and I157- 

I might here proceed to ſh+w the deſcription of the cir- 
c'cx of poſition, the Signes ot rhe Zodiack in the meridian, 
the Signes aſcending aad deicending,with ſuch other gnomo- 
nicall concluſions; but theſe would proue ſuperfluuus ro ſuch 
as vnder{tand che doerine of the Sphere ; and for others,that 
which is delivered may ſuifice for ordinary vic, tt being my 
intention not ſo much to explane the full vſe of ſhadowes 
(whereof I haue lately giuen a large example in an other 
place) as the vic of theſe lines of proportion, that were not 
extant hcretofore. 
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An Appendix concerning 
The deſcription and "oe of a ſmall portable Qua- 


drant, for the more eaſie finding of the 
boure and Azimuth. 


: CHAP. L 
Of the deſcription of the Nuadrant. 


Anig deſcribed theſe fanding plants, ! will now ſhow 
_ _ of ——— by a ſmall Qgadrant: roo 
might ne generdlly tor all latitudes, by 2 quarter of t 

generall Aſtrolabe; deſcribed before in the vie of the Sefor, 


P42-S8 .. and particu/arly tor any one laticude, by a quarter of 


the particular Aſtrolabegthere atſo deſcribed, pay. 63. which 
it it be a'foote ſemidiameter, may ſhew the azimath vato a 
degree, and the time ofthe day vnto a minute ; but for ordi- 
nary vic this ſmaller Quadratit may ſuifice , which may bee 
made portable in this manner. | 
1 Vpon the center 4, and ſemidiamerer A B,deſcribe the 
arke'B C : the fame ſamidiameter will {ct of 60 gr. and the 
halfe of that will be 30.97. which being added to the former 
60 gr. will make the arke BC to be 9o gr. the fourth part of 
mo wholecircle, and thence comes the name of a Qua- 
rant, 
2 Leaving ſome little ſpace for the inſcription of the 
moneths and dayes, on the tame center A, and ſemidiamerer 
AT, deſcribe the arke TD, which ſhall ſcrue for either rro- 


. Pique. 


3 Divide the line 4 T in the point E, in ſuch proportion, 


, © *:/9%- as that A T being 10000, A E may be 6556, and there draw 
/. 40 + ) another arke & F, which ſhall ſerue for the Equator, or A E 
; being 10000 let ET be 5253. | 


4 Divide AF the ſemidiameter of the zquator in the 
point G, ſoas A F being 10000, the line A G may bee 4343» 
y AF: - 450 and 
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nd on the center G and femidiaierer D deſcribe ribeche ackes 
©D, which ſhall ſerue for a as ok in <0" 


5 This parc of the ecliprique may be divided imo.ehree 


232 The inſriptiodd) beginerd® lines 
Signes, and cach Signe into 30 gy. aTab'c of right iienlio, 
by a table of right acenfions, made - =, .& | UE 
as beforc, peg. 60, As the right =G. KG MGM 
aſcenſion of the firſt point of & be- [ooo 27-5 ic "I 
ing 27 g7- 54 ®. you may lay/4 ru-|— 2" L 
ler tothe cenfer A and 27 g7. 54 w. | 3| 4 351533 44173 
in the Quadrant B C, the point|*?, 9 71137 35] 5 21 
where the ruler crofleth the Eclip- on 13 4942 3173 43 

- tique;, (hall be the firſt point of-y. 2018 27/47 339 
Intike manner the righe aſcenfion |*5|*3 9 

- > af the firſt point of 2 being 57 gr- 3227 5457 qb1go 0 
48.” it you lay aralcr tothe center ef, and 5 7 E-- 

-: gr, 484». inthe Quadrant, the point where the GrFans. 

ruler croſſeth the ccliptique, ſhall bee the firſt | 11 176, 

point of 7. And fo dor the reſt ; but the lines of 2| 355 

», © - diſtintion betweene Signe and Signe, way bee | 3 

beſt drawne from the center GC, | 4 723, 

6 Tve line E T berwcene the equator and the |_5\ 913 
tropique, which I call the line ot dechnation, | 61106; 
may be divided into 23 Fr. 4+ out of this Table. 7 t302 
For let A E the ſemidiam:ter of the zquator be | 8 r50z 
0000, the diſtance betweene the zquaror and | 91708 

20 gr. of declination may bee 1917. more; be- to 1917) 
tween the 2quatorand 20 gr. 4381 the diſtance 17/4120 
of the tropique from the #quator 525 2. 122348 

7 You may pur in the moſt of the principall '; ,', £4, 
ſtarres betweene the zquator and the tropique '4., ,95, 
of S, by their declination from the xquator, and \ ,\,,.2 
righta aſcention from the next equinoctial point. — 
As thedeclination of the wing f Pegaſus, being | 
13 £r7.7 w.the right aſcenfion 358 gr. 34 w. from 
the firlt point of Y, or 1 gy.26 m.ſhort ot it. If you 
draw an occult pai: llel through 13 gr. 7 #9, of de> 

Clination,and then lay the ruler to the center ef, | 

and 2:97, 06/10 the quadrant: B C, the point 
where the ruler crofleththe parallel! (hall be the 
place for the wing of Pega/w, to which you my | 
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The inſcription of the Starres. 233 
et the name and the time when he cometh to the South , ac 
midnight in this maner, W. Peg. * 23 Ho. 54 44, and fo for 
che reſt of theſe fine, or any other ſtarres. 


E 
Pegeſs wing * | March 8|23 54| 1 26,13 7 
| Arturu *  Oftober14|1; 58|29 37 | 21 10 
Lions bears * Auguſt 7| 9 48|32 58' 13 45 
Bals eye * CMay 16 | 4 15|63 33 If 42 
Vultures heart * Janna, 119 33|66 56) 7 $58 


$ There being ſpace ſuificient betweene the zquator and 


the center , you may there deſcribe the quadrat , anddiuide. 


cach of the two ſides fartheſt from the center A into 100 
po ſo ſhall the Quadrant be prepared generally for any la- 
ticude, 

But before you draw the particular line*,'ou are to fit foure 
tables vanrto your latitude. 

Firſt a table of meridian alticudes for diuiſion of the circle 
of dayes and moneths , which may be thus made 2: Conſider 
the la: itude of the place and the declination of the Sun for each 
day of the yeare. If the latitude and d clination be al.ke both 
North or both Sourh,add the declination to the complem:nct 
of the latitude, if they bee vnlike , one North , and the other 
South , ſubſtraQt the declination frem the complement of the 
latitude, the remainder will be the meridian altitude belong- 
ing vnto the day. 

Thus in our laticudeof 51 gr. 30 m. Northward , whoſe 
complement is 38 gr.30 mn. the declination vpon the tenth day 
of Tune (will be 23 gr. 30 9. Northward , wherefarc I adde 
23 gr. 39m, vnto 38 gr. 30m, the ſumme of both is 62 gr.for 
the meridian altitude at the tenth of Iune, The declination vp- 
ponof December will be 23 gr. 30 m. Southward , where- 
fore I take theſe 23 gr. 30 9. out of 38 gr. 30 w. there will 
remaine 15 gr. forthe meridian alticude at the tenth of De- 
cember;z and inthis maner you may find the meridian alti- 
tude for each day of the yeere, and ſet them downein a table. 
Geg The 


234 A table of the meridian altitudes. 


Oy» 1 YER vv ww 2s  7qo | 
— NT 
Gay (56 31117 2418 2619 37,20 57,22 2423 5s 
February |24 1725 $927 45j29 35/31 2933 25 

Alareh [34 35136 33,35 32/49 30/42 2744 2246 15, 
| April (46 37 48 26,50 L115l 50.53 2554 5356 T5; 
May 56 1557 2958 25\59 33'60 2261 261 Z1 
Imne 61 36|6r 5462 o|61 $851 4561 2260 49, 
'Inly 60 49/50 6'59 1458 13/57 455 4854 24 
| Auguſt |54 7152 3650 59.49 1747 3145 4143 49 
Seprember|q3 26|41 3039 33137 36 35 3333 4131 46 
Ottober \31 46129 53/28 3126 1624 3522 5921 29, 
Nonember|:1 boſs 51/148 39/17 3616 4316 o15 28 
December|is 28\1t5 $17 oils 2/15 1715 4416 22 


— _ ___ _-—_ _——__  - 


— 


—— —— <= 


The Table being made, you may infcribe the moneths , 
and dayes of cach moneth into your quadrant , in the ſpace 
lefc below the tropique. For lay the ruler vnto the center A, 
and 16 gr, 31 w,1n thequadranc B C , there may you draw a 
line for the end of December and beginning of Ianuary ; then 
laying your ruler to the center A,and 24 gr. 17 m7. in the qua- 
drant, there draw thr end of Ianuary and beginning of Febru- 
ary,and ſothe reſt , which may be noted with /,F,A, A.M, 
T &c. the firſt letters of cach moneth , and will here fa'l bc- 
tweene 15 gr, and 62. gr. Fo 

The ſecond Table which youare to fir , may ſerve for the 


drawing and duiding of the horizon. For draw! 'g of the 
horizon. * 


As the cotangent of the latitude , 
tothe cangenc of the greatcit declination t 
So the inc of go gr. 


ro the (ine of in:erſeRion, where the horizon ſhall 


crofle the tropiques. 


So in our latitude of 51 gr, 30 #5, we hall find che horizon 


ro 


"A table for diniding of horizon. 23S ' £10 
ro cut the tropique in 33 gr. 99s: wherefore if you lay the + 
ruler to the center Agand 33 gr. 9. . in the quadrant , the A 
point where the ruler crodleth the tropique ſhall be the point — 
where the borizon creſſeth the tropique. And it you finde a © 
point at H, in theline A C , whereon ictting the compaſles, x 
you may bring the point at F ,andthis point inthe tropique FSH 
both into a circle, the point H [hall be thecenter,and the arke L 
ſo drawne ſhall be the horizon. Then for the diuifion of this 
horizon. F 
As the (incof go gr. hes ad: 
to the line of the latitude : _—_ 
So the tangent of the horizon , 
to the tangent ofthe arke in the quadrant, which ſhall 
diuide the horizon. 


So in our latitude of 51 gy. 30 92. we ſhall finde 7 gy. 5 2. 
bclonging to 10 gr. in the horizon, and 15 gr, 54 #, belong- 
ing 20 gr. And to the reſt, as this Table, 


Ho Gr, M.'/Ho'Gr. M,Ho Gr, M 'Ho 
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Wherefore you ray lay the ruler to the center 4, and 7 
27. 52m, inthe quadrant B C, the point where the ruler crol- 
ferhthe Horizon IHall be 10 gr. in the horizon ; and fo for the 
reſt ; bat the lities of diftintion I ach fift degree, 
will be beft rawne from the center . 


The thitd table for drawing of the houre-lines, muſt be a 
Table of the altitade of the Sunne aboue the horizon at cuery 
houre , eſpecially when he cometh to the zquator , the tro- 
piques, and ſome other intermediate declinations. 

It the Sunne be in the zquator, and ſo haue no declination: 


As the fine of go gr. 
to the coſine of the latirude : 

So rhe coſine of the houre from the meridian , 
to the kine of the alticudes, 


Thus in our latitude of 51 gr. 30 . at fix houres from the 
meridian the Sun will haue no altitude , at fiue the altitude 
will be 9 gr. 19 #7; at foure 18 gr. 8 =»; atthree 26 gr7. 7 12; at 
two 32 gr. 37 m.atone 36 gr.58 mm; at noone it will be 38 gr, 
3o #n, equall to the complement of the latitude” 

If the Sun haue declination , the meridian altitude will be 


< found as beforey for the Table of dayes and moneths» 


Ifthe houre propoſed be fix inthe morning or fix at night. 


As theſine of go gy. 
to the ſine of the latitade: 
$0 the ſine of the declination 
to the frne of the altitude. 


Thus in our [#titude the declination of the Sun being 23 gr. 
30 w. the altitude will be found to be 18 gr. 11 w: the decli- 
nation being t 195. 30 w the alritude will be 9 gr. 

If the howre propoſed be neither rwelue nor fix. 


Asthe cofine of the houre from the meridian , 
ro the {ine go gr. So 


's Gat PA. 4) Z.Þ4 ,R 


To find the ahtitudt of the Suxne 


50 the tangent of the latitude, : | 
ro the tangent ofa tourtharke. = 7a>g. { * 2.4 


So in our latitude and one houre from the medidian , this 
fourth arke will be found to be 5 2 gr. 28 mv. artwo gy gr. 26 
». atthrec 60 gr. 39 mat foure 68 gr. 22 mand at fiuc houtcs 
from the meridian 78 gr. 33. . 

Then conſider the declination of the Sun and che houre 
propoſed ;if the latitude and detlination be” both alike , as 
wich vs in North latitude , North declination , and the houre 
fall berweene noone and fix , take che declination out of the 
fourth arke, the remawner ſhall be your fift arte. 

Bur if either the houre fall berweene ſix and midnight, or 
the latitude and declination ſhall be valike , adde the declina- 
tion yntothe fourth arke,and the ſumme of both Nall be your 
fitth arke : or if the ſumame ſhall exceed 90 gr. you may take 
the complement vnto 180 gre This fifth arke being knowne; 

As the fine of the fourth arke, = , -/- Ed 
to the ſine of the latitude : 
$o the coline of the fift arke, 
co the ſine of the attitude. 


" Thos in our htitude of 51 gy. 3098 Nonhward, the Sun 
haing 23. gr. 30. of North declination, tf it ſhall be roqui- 
red to finde the altirade ofthe Sno for Ruth 1n the morning 3 
here becauſe the tavitade anddeclitnationareborh ahibe ro ahe 

Northward, and the houre propoſed falleth betweene noone 

and fix, you tnay take 23 gr, 30m. the yew thee dookauci- 

on out of 78 gy- 22 7». the fourth arke belonging to the fifr 

houre from the meridian , fo there will eawine 54 gy. 52. 

for your fifr arke. Then workihg erorving es the Canon , 

you ſhall find, | 


As the fineof 78 gr .22 mw, your fourtharke , 
to the fine of 51 gr. 301. for the lacitude, 
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238 T's finde the altitude of the Sunnc.. 


In reflangnlo | 
ODH, 


ot OE Radiu 
ad E M Cotanlat. 
ita O D Coſi. hore. 
ad D H Tan,DH. 
(14 aqualis eſt P 
R cums compl, 
D R, novs ay. 
AYCHS QUATI Ks 
Conferatur arcus D H cum arcu declinationis D S,ita da- 
bitur arcs HS, car compl, eff SR C prin dr, arcuc quin« 
ths, Wnade erit 


vt. Coſi. PR hoceſt within, DR, 


= __ - . : 
- =—_ —- 
RECNRCT CTIITICIEETSS. 777 
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ad (oi, PZ ad Sim, EZ, 
«ta (of. SR ua Sin, H $ 
ad Coſi. SZ ad Sin, A S. 
Hinc forte preſtabit vocare H S arcum quintum ita ſecunda 


operatio inſtitnetwr per (olos ſinus, 
Vel {i ibet [abtraftionem frnnes quarts AYCHS evitare, iVeni- 
atur angulus O H D quod fiers poteſt varys mods, Nam 


—— Cy My co = 
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1 vtRadins 2 vtSm.DH 3utSmDH gutSmn, DR, 
ad Sin, ang, © adSin. 0 adTan, DO adSin, EL, 
ita Cop lat,OD ita Sin, DO ita Radins ita Rad. 

ad Cofian.OHD ad Sin, H adtan.ang. H, ad Sin. H, 


Idvento viewngque angulo ad H, erit in reftangulo HAS, 


vt ſinus retts anguls H AS, 

at ſinumarews quints HS, 

ita ſinus anguls ad horiz,, $S H A, 
ad fin, ſolaru altitudinis $ A. 
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for any howre andlatitude propoſed. 239 
Sothe fine of 35 gr. 8 m. the complement of -your fift 
arke, 
to the ſine of 27 gr. 17 mn, the altitude required. 


If in the ſame latitude and declination, it were required to 
finde the altitude for fiue in the morning , here the houre 
falling betweene ſixe and midnight z if you adde 23 gr. 30 7 
vato 78 gr. 22 #». the ſumme will be 201 gr. 52. and the 
complement to 180 gr. will be 78 gr $ #». tor your fifth arke. 
\V hcerefore 


As the ſine of 78 gr. 22 1. 
to the ſine of 5 1 gr. 30 1m, 
So the coſine of 78 gr. 8m. 
to the ſine of 9 gy, 32m», for the altitude required. 


If in the ſame latitude of 51 gr. 30 mm. Nonthward, the 
Sunne hauing 23 gr. 30 =». of South declination, it were Ie- 
quired the altitude for nine ia the morning z here becauſe 
ene latizude and declination are vnlike , the one North , and 
the other South, you may adde 23 gr7+ 30». che arke of declt- 
nation, vnto 60 gr. 399 the fourth arke belonging to the 
third houre from the meridian, {o ſhall you haue 84 gr, 9 ms 
for your fift arke. Wherefore 


As the ſine of 60 gr. 39 1m. 
tothe line of $51 gr. 30mm. 
| Sothe coline of 84 gr. 9 m. 
* tothe fineof 5 gr. 15 m. for the altitude required. 


Andſo by one or other of theſe meanes you may finde 
the alcitude ofthe Sunne for any point of the —_— at 
-: houres of the day , and ſet themdowne in ſuch a Table as 
enis, 


A Table 


246 -4 Table for drawing of the houre-lines. 


' A Table for the altitnde of the Sunze in the beginning of 
es tack Signe at all bewres of the day, calculated 
 forg1gr. 30m, of North latitude. 
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ly” Laſtly, you may find whar declination the Sun hath when _ 
he riſeth or ſetteth at any houre, Lora ft ff fa 
12. of te «ke / Baa a dat ar = [C 
As the fine of go gr. V3 IS 

to the fine of the houre from (xc : Tr. 1 

So the cotangent of the Jatitude, -; mn 


to the tangent of the declination. 
wi 


And ſo inthe latitude of 51 gr. 30 wv. you ſhall finde that 
when the Sun riſeth, cither at hue in the Summer, or ſcuen”” 
inthe Winter, his declination is 11 gr. 37 wv. when he riſerh + - 
at foure in the Summer, orcight 1n the Winter, his declina- 
tion is 21 grag0 which may be alſo ſer downe inthe Tavle.. 

That done,you may there ſce that in this Jatitude the me- 
ridian al:itude of the Sunac inthe beginning of S is 62 gr. 
inZ 58 gr 429, inteogr.inV 38 gr. 30 mw, &c. But the 

- }O beginning of S and W 1s repreſemed by the tropiques 7 D, 
RR” drawne at 2 3 gr. 20s. of declination, and the beginning of 
32-30 vand =, by the zquator E F. If you draw an occult parallell 
bertweene the zquator and the tropique,at 11 gr,.30 mv. of de- 

clination, 


The manner of drawing the houre-lines, 241 
clinarion , it ſhall repreſent the beginning of &, mx, ft, and x; 
if you draw an other occult parallel throygh 20 gr, 12 »», of 
declination, it ſhall repreſent the beginning of x7, and 236 
', Then you may lay a rulerto the center 4,and 62gr. inche 
quadrant B C, and noce the point where it crolleth che tro» 
pique of S; then moue the rulerto 58 gr, 52 mw. and note 
where it cr>ſſeth the parallell of Z z thento $5o gr. and note 
where it croflceh the parallell of &, and againeto 38 gr. 30m, 
noting where 1t crofſcth rhe zquator ; {o the line drawae 
through thele points ſhall ſhew the houre of 12 inthe Sum- 
mer, while the Sunne is in Y,, F, 2, B, N, or ww, In like mancr 
if you lay the raler ty the center A, and 27 gr. in the qua» 
drantand note the point where it croſlcth the parallel of X, 
then moue it to 18 gr, 13 #. and note where & croſlceth the 
parallell of =; and againe to 15 gr. noting-where it crofſerh 
the tropique of W; the line drawne threugh theſe points 
ſhall ſhew the hourc of 12 in the Winter, while the Sunne is 
in=, Mm, z, w, = aid X, and ſo may you draw the reſt 6f theſe 
houre-lines: onely that of 7 from the meridian in the Sum- 
mer,and 5 inthe Winter, will crofle the line of declination at 
I1 gr. 37 and that of $in the Summer, and 4 inthe Win- 
ter at 21 gr. 40m, 


The fourth table for drawing of the azimuth lines, muſt 
tkewile be fitted for the altitude of the Sun aboue the horizon 
at cucry azimuth, eſpecially when he commeth to the zqua- 
tor,the tropiquzs, and ſome other intermediate declination. 

If the Sane be in che 2quator , and fo haue no dcclina- 
rion,} 


As the ſine of go gr. 
to the coſinc of the azimuth from the meridian : 
So the cotangent of the latitude, 
to the tangent of the altitude at the zquator. 


Thus in oar latitude of 51 gr. 30 #2. at go gr. from the me- 
ridian,the Sunne will haue no _ ; at 80 gr. the altitude 
Hhh will 
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242 To find the altitude of the Sunne 


will be 7 gr. 52; at 70 gr.it willbe 15 gr, 305; at 60 gr.it 
will be 21 gr» 41 vs. 

Ifthe Sun hau-: declination , the meridian alticude will be 
eaſily found as before , for the table for dayes and moneths. 
And for all other azimuths. 


As the ſincof the latitude , 
to the ſinc of the declination : 

So the coſine of the altitade at the zquator , 
co the (ine of a fourth arke. 


Whenthe latitude and declination are both alike in alf azt- 
murhs from the prime verticall ynto the mcridian , addc tits 
fourch arke vnto the arke of altitude ar the zquator. 

W hen the latitude and declination are both alike , and the 
azimuth more chen 90 gr, diſtant from the meridian,take the 
altitude at the zquator our oft this fourth arke, 

When the latitude and declinatior are vnlike, take this 
fourth arke out of the arke of altirude at the zquator , ſo ſhall 
you haue the altitude of the Sun belonging to the azimuth. 

Thus in our laticude of 51 gr. 3o m.. Northward, if it were 
required to finde the altitude of the Sunne in the azimuth of 
60 gr. fromthe meridian , when the declination is 23 gr. 3© 
»». Northward, you may findethe altirtde ar the zquator be- 
longing to this azimuth to be 21 gr. 41 m. by the former Ca- 
non, and by this laſt Canon you may tinde the tourth arke 
to be 28 gy, 15 », Then vecaulc the latirud: and declination 
are both alike ro the Northward, it you adde them both 
together , you ſhall haue 49 gr. 56 m. for the alticude requi- 
red, 

lf the declination had been 23 gr. 30m». to the Southward, 
you ſhould then hans taken this tourth arke out of the ark a: 
the zquator, which becauſe it camnot here b: done, it is at a 
figne that the Sunne is not then aboue the horizon. Burt if 
you take the arke atthe zquator our of this fourth arke , you 
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—— O M Radiu 
DT PÞ Ade Cotan, lat. 
EF £4 _ O A Coſi.azim, 
Fi 4 ; EL AB Tan aqua, 
A 
. ru EZ Sin. lat. 
ZB Coſi, AB. T 
M {2K DS Sin, decli, 'J 
WW SB Sm, arc. 4. oÞ 


Tables for the a titude of the gun is the begining of eoch Fene for euery tenth a% muth |_ 
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244 The inſcription of the 1zimuths, 
in the azimuth of 60 gr. from the North,and 120 gr, from the 
South part of the meridian. The like realon holdcth tor the 
reſt of theſe altitudes, which may be gathered and fec dowie 
ma table. 


Laſtly when the Sun rifeth or ſetterh vpon any azimuth, te 
fnd bis declination. 


As the ſine of go gy. 
to the coſine of the latnude :! 

So the cofine of azimuth from the meridian , 
to the (ine of the declination. 


And thus in our latitude of 51 gr. 30 m,when the 2zimut!; 
is 80 gr. from the meridian , the declination will be found tv 
be 6 gr. 12 ;it the azimath be 70 gr. the declication will be 
found I2gr.18m; it 60 gr. then 18 gr. $ 1. And lo for thc 
reſb, which may be alſo ſe: downe inthe Taole. 


A Table for the altitude of the Sunne in the bzinning of 
each ſient for euery tenth azimnth, in 5 1 gr. 
30m, of North latitude. 


Az. —_ = to wiy ax SIKM 

Gr. M. (Gr. M, Gr. Gr, M.\Gr, M.\wr. M Gr, WM 
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for any ag imnthandilatirude propoſed. 245 
That done, if .you-would day the hinge balk or: Weſt , 
which is 90 gr. fomthe mexidusy Jay: ihe rulerah thecenter 
A,aod 30 gr. 38, m. numbred inthe quadrant from ("toward 
B ,and note the point where it crofleth the travique of S., 
then moue the ruler to 26-g7, 10 mand note where ur crolleth 
the paralleilot 1; then to 14:gr, 45 Mm» 2nd notre where. it 
crolle:h the parallel of &; then co 0 gr 0 m1. and you (hall find 
i to crolle the #quatour in the poiat F ; (oa line drawne 
through theſe points , ſhall ſhew the azimuth belonging to 
Eat and Weſt. The like reafon holderh for all the reſt. 
_ Theſc lines being thus drawne , if you ſet two fights vp- 
on'helme AC, and hand a thread and plummet on the ccn- 
ter, A with a bead vpon the thread , the forcſide of the qua- 
drant ſhall ſhall be fully finiſhed. 

On the backſide of the quadrant you may place the Nour. 
nall de{cribed before in the vie-obthe $edtor pag. which con- 
b{teth of two parts. 

The oneis an houre-plane divided zqually according to the 
24 houres of the day and cach houre into quarters, or minutes 
as the plane will beare.The center repreſents the Nosth pole, 
the line drawne through the center from X[Il-ro XII , ſtands 
for the meridian ard the lower XII ſtands for the houre of 
X11 at midnighe. 

The other part Wa -rundle for ſuch-ſtarres agare neere the 
north pole tegerber with the twelue moneths , and the dayes 
of cach monech firred to the rightatcenſhan of the Suune and 
ſtares this in manner. 

Firlt conſider where the Sun will be at the beginning of the 
5,10,15,20,25,30, and it you will cucry day ot each month, 
and finde the right aicenfion belongs to the place of the ſun 
a> I ſhew before Pag. 

For example the twn.2t midaight the lalt of December or 
beginning of [anuary will be communsbu4 anxis about 20 gr. 
49 m.ot Vy whole nght aſcenſion is 292 gr. 20 m. At midnight 
thelaſt of lanuary or beginning of February he will be about 
22 gn. 12 m. of = whole right aſcenſion is 324gre 35 mM» and 
jo the reſt which may be ſer downe in a table. 

Hhh 3 That 


245 The inſcrition'of the azimuths, 

That done conſider the longitude and latitude of the 
ſtarresand thereby finde their right aſcenſion and declination 
as I ſhew before, Pag, and tet them downe in a Table, 
Theſc Tables thus made, let the vtrern oft part of the randle 
be made cuen with the inner moſt circle of the houre-plane, 
and a conu<nicnt {pace allowed to containe the deviſions tor 
the daycs and names of the moneths- Then lay thc center 
ot this rundle vpon the center of ſome other circle divieed 
iato 360 gr. and by the center and 292.7. 20 m, in that cir- 
cle draw a line tor the beginning of lanuaty. In like maner 
by the center and 324 gr. 35 #. draw a line for the end of 
lanuaty and beginning of February, and ſo the reſt of the 
dayes of cach moneth. 

For the inſcription of the Rarres let one of the lines from 
the center as that at the beginning of luly, or rather let a 
moucable 1ndex be diuided trom the center toward the in- 
ward circle of the moneths into 40 gr. more or ltle, which 
may be done tor ſpeed equally , but for exatnefie in tach 
maner as the ſemigtametcr of the generall Aſtrolabe was di- 
vided betore, Pag, So laying the Index to the 1ight aſcen- 
lion in the-outward circle you may prick downe the ſtarres 
by their ceclination in the Index. 

For example, if the right aſcenſion of the pole-ſtarre be 
6 gre 28 mm, endhis decluration 87 gr. 20 m. hauing ſet the 
center of the Index both tothe center of the rundle and of 
the other circle, rurne the Index to 6 gr. 28 m. in that out- 
ward circle, and prick downe the ltarre by $7 gr. 20m. in 
the edge of the ds, that is at the diſtance of 2 gr. 40 m, 
from the pole. The like reaſon holdeth for the reſt of the 
{tarres, which may be diſtinguiſhed according to their mage 
nitudes, and then be reduced unto their tormes, as in the 1cx- 
ample. So the quadrant witl bee fitted both for day,fand 
night, 
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CHAP. IL 


Of the we of the Quadrant in taking" the 
altitude of the Sunne, Myone, and 
Starres, 


'FR Quadrant isthe fourth pare of a circle, diuided equal- 
ly into go gr. and here numbred by 10, 20. 30. &Cc. vn» 
to 99 gr, each degree being lubdiuided 1nto 4. 

Litc vp the center of the Quadrant, ſo as che thread with 
the plummec may play cafily by th (ide of it, and the Sunrne | 
beames may paſſe through both the lights ; ſo ſhall the de- « 18 
grees cut by the thread, thew whar is the altitude at the time + 
or oblcruation, as may appcare by this example, 

V-on the 14 day of Aprill, about: noone, tae Sun-beames 
paſſing through both the (ighcs, the thread fell vpon 51 gr. 
20#1.and this was the trus meridian altitude of the Sunne tor 
that day in this our laticude of 51 gre. 30 =, for which this 
Quadcant was made. 

Againc, towards three ofthe clock inthe afternoone, the 
thread fell vpon 38 gr.qo m.and fuch was the Sunnes atticude 
at that tine, 
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CHAP. III. 
Of the Ecliptique. 


1 Toe place of the Sunze being ginen to finde his 
r:ght aſcenſion, 


MW He Ecliptiqueis here repreſented by the arke, tigure 
with the charaRers of the twelve Signes, V,S&, 1, &c, 
each Signe being dinided vnequally into 30 gr. and chey arc 
to be reckoned trom the character of che Signe. 

Letthe thread' de laid on the place of the Sunne in the 
Ecliptique, and the degrees which ir cutteth in the Quadrant 
ſhall be the righc aſcention required- 

As if the place of the Sunne giuen be the fourth degree 
of I, the thread laid on this degree ſhall cut 62 degrees in the 
Quadrant, which is the right aſcenſion required. 

But it the place of the” Sunne giuen be more then 90 gy. 
from the beginning of V, there muſt be more then 90 gr. al- 
lowed to the right aſcenſion ; For this inſtrumene is bur 2 
quadrant : and {o if the Sanne be in 26 gr. of 5, you ſhall find 


the thread to fall in the fame place, and yet the right aſcenſi- 
on tothe 118 pr, 


2 The right aſcention of the Sunze being given, 
to finde his place m the Ecliptique, 


Let thethread bc laid on the right aſcenſion in the Qua- 
drant, andic ſhall croſſe the place of the Sun in the Ecliprique, 
as may appcarc in the former cxamplc. 


CHAP. 


CHAP. IL 
Of the line of declination, 


1 The place of the Sunne betng Vento 
7 hu declination, y yay 


celine of declination is here drawne from the ceneer to 
the beginning of the Quadrant, and divided from the be- 


glaning of Y downward into 23 gr. 30 w. 
Let the thread be laid, and the beade ſet on the place of 
Sunuc in the ecliptique ; then moue the thread to the ine of 
declination, and there the bead ſhall fall upon the degrees of 
the declination required. : 

As ifthe place of the Sunne giuen be the fourth of 
If, the bead firſt fer to this place, and then moued to the line 
of declination, ſhall there ſhew the declination of the Sunne 
at that time to be 21 gr. trom the zquator, 


2 The declination of the Sunne being given, tofinde 
hu place inthe Ecliptique. 


Let thethread and beade be firſt laid to the declination,and 
then moued tothe Ecliptique. 

As ifthe declinatiou be 21 gr: the bead firſt ſet rs this de- 
clination, and then mouecd to the ecliptique, ſhall there ſhew 
the fourth of T, the fourth of Þ, the 26 of &, and the 26 of 
Vs ; and which of theſe fourc is the place of the Sunne, may 
appeare by the quarter ofthe yeere. 


Iii CHAP, 
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CHAP. V. 
Of the ercle of Moneths and Dayes. 


"His circle is here repreſented by the arke, figured with: 

I chefe1: ters, 1, F, M, A MM, &c. (ignitying the monerbs 
January, February, March | Aprill, &c. cach moneth bcing 
divided vnequally, according tothe number of the dayes tha? 
arc bherein, 


A Table for the inſtription of the maneths in 
the Aoi urnall. 
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Dies ad ra ; SY". | _ 4 20 | 2x Yeh RE 
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(148. 392 301297 7 46 303 7.398 21 3t3 3olars 261323 36, 
(Feb.324 351329 28334161339 1343 42/348 21 

Ma, 351 17135552 © 26i 4 58 9g 30. 14 2 18 34 
Apr. 19 30| 24 4 28 42) 3323 38 5| 42 52) 4742 
May, 47 42) $2 35) 57 32) 62 39 67 39) 72 45] 77 53 
Inne\| 78 55) 84 5, 89 17] 94 23 g9 3910, 48/109 55 
Iuly og 55/11F o120 o\12.4 58129 5413445 139 30, 
Amug'140 271145 9149 48154 25,159 O163 32108 © 
Sepr. :68 571173 26 177 55282 20/11$$ 56191 28136 Fo, 
Ofts 196 5/200 45 295 25/210 12/215 3220 0225 ©' 
Ne.\226 2/231 10 236 23/241 40|247 2252 30258 2 
Dec 258 2263 35! 1269 $1274 42):20 16 285 46 291 £7 


CHAP. 


The we of the circle of moneths and dayes, 25x 


1 The day of the maneth being given, to finde the 
altitnde of the Sunne at noone, 


Tet the thread be laid to the day of the moneth, and the 
degrees which it cuttcrh inthe Quadrant ſhall be the meridi- 
an altitude required. 

As if the day ginen be the 15 of May, the thread laid on 
this day ſhall cat 59 gy. 30 =. inthe quadrant, which ts the 
meridian altirude required. 


2 The m:11dian altitude being given, to finde 
the day of the moneth. 


The thread being ſet to the meridian altitude, doth alſo 
fall on the day of the moneth. 

As if the altitude at noone be 59 gr-30 »» the thread being 
ſet to this altitude, d>th fall on the 15 of May, and the 9 of 
July ; and which of cheſe two is the true day, may be know ne 
by the quarter of the yeere, or by another daze. obſcrvation. 
For it the alticude proue greater, the thread will fall on thc 
16 day of May andthe 8 of luly : or if ic proue leſſer , the 
thr-ad will fall onthe 14 of May andthe ro of Iuly ; whereby 
the queſtion is fully anſwered. 


CHAP. VI. 


Of the Houre-lines. 


T Hat arke which is drawne ypon the center of the qua- 

drant by the beginning of declination, doth here repre- 

fent che zquator : that arke which is drawne by 23 gr. 30 = 
Iii 3 © 
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of declination, and is next abous the circle of moneths and 
daycs,tepreſenteth the tropiq ues: thoſe lines which arc be- 
eweene the zquator and the tropiques, being vadividcd and 
numbred at the zquator by 6,7,839,10,11,12. at the tropique 
by 1,2,3,4,&c. do repreſent the houre-circles : that which is 
drawne from 12 in the zquater cothe middle of Lune, repre- 
ſenteth the houre of tz at noone in the Summer ; and choſe 
which arc drawn with ieto the right hand.are tor che houres 
of the day in the Summer,and the houres of che night inche. 
Winter. That which is drawae from 12 11 the #quator to che. 
midile of December , repreſenreth the houre of 12 in ee 
Winter ;and thoſe which are drawne with ic co the lett hand, 
are for the houres of the day in the Winter, and the hourcy 

of the night in the Summer ; and of both thee, that which is 

drawne from 11 to1, (ſerves for 11 jn the forecnooc, and 1 

in the afternooae. T hat which is drawne trom 10 to 2, ſerucs 

for 19 inthe torenoone, and 2 in the afternoone : for the 
$4nn- on the ſane day is about the ſame height two hourcs 
before noone, as two houres after noone, The like reaſon- 
hoid.th for the reſt of the houres. 


1 The day of the moneth, or the height at noone being | 
knowne, to inde the place of the Sunnc 
in the Ecliptique, 
? <= 4 


The thread being laid to the day of the moneth, or the 
height at noone, (for one giues che other by the tormer pro- 
poiition) marke where 1« crofſech the houre of 1 2, and fer 
the bead ro «chat interfeRHion ; then moue the whread till che 
beade fall on the ecliptiquey and it ſhall fall on the place of the 
Sunne. 

As if the day giuen bethe 25 of May, or the meridian al- 
titu 'c59 gr. 30m. lay the thread accordingly , a:1d pur the 
bead coche 1nrerſeHion ot the thread wirh che houre of 12 5 
then mou: the thre3d till the bead tall on the ecliptique, and 
x ſhall there ſhew the fourth of T, the fourth of 7, the 26 
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of 5, and the 26 of Y z and which of theſe is the place of the 
Sunne, may appcare by the quarter of the yeare, or another 
daycs obſcryation. 


2 The place of the Sunng in the Ecliptique being knowne, 
to finde the day of the monath, rc. 


Cer che thread and bead bee firſt laid on the place of the 
_ in the Ecliptique, and then moucd to the liac 
of 12, n 

As if the place of the Sunne giuen be the fourth of 7, the 
bead being laid c© this degree, andthen moucd to the houre 
of 12, in the Summer, the thread will fall on the 15 day of 
May, and the 9 of luly ; or it ic be moved to the houre of 12 
in tac Wintergthe thread will fall on the 6 of lanuary and the 
16.of Noucmber ; which of theſe is the day of the moneth re 
quired, may appears by the. quarter of the yearc. 

In this and the former propoſitions, you haue two wayes 
to reQific the bead, by the place of the Sunne,and by the day 
of the moneth z the better way is by the place of the Sunne, 
for in the other the Leap-ycare may brecd ſome ſmall diftc- 

rence. 

There is yeta third way. For the Sea-men hauing a table 
for the declination on each day of the yearc,may ſer the bead 
thereto in the line of declinat1on, 


4 The houre of the day being giuentofina the altitude 
of the Sunne aboue the horiz9n. 


The bead being ſer for the time by either of the three 
wayes, let the thread be moved from the houre of 1 2 toward 
the line of d. chnacion, till the bead fall on the houre giuen; 
and thed grees which it cuts in the Quadrant, ſhall ſhew the 
aliitude of the Sunne at that time. 

As it thetime giuen bethe tenthof Aprill, the Sunne be- 
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lower, it 15 the afternoone. 


254 The woſe of the boure-lines 
ing then inthe beginning of & , the bead being reQified , you 


ſhall finde the height at noone 50 gr. © m. at IT in the mor- 
ning 48 gr. 12m, at 10 but 43 gr. 12 mat g but 36 or.ats 
but 27 gy. 30 #. at 7 but 18 gr. 18 at 6 but 9 gr.ats it 
weeteth with the line of declination , and hath no aitirude ar 
all, and cherefore you may thinke it did riſe much about that 
houre, 

Then if you moue the thread againe from the linc of decli- 
ration toward the boure of 12, you ſha'l find that the Sunne 
1s 8 gre 33 i. below the borizon at 4 in the morning , and 
neere 16 gr.at 3, and 21 gr. 51 m,at2, md 25 gr. qom.atr, 
and 27 gr. at midnight. 


4 The altitude ef the Sunne being ginen , to finde 
the houre of the aay, 


The altitude being obſcrued as before , let the bead bee ſer 
for the time, then bing the thread to the altitude, fo the bead 
ſhall ſheiw the hovure of the day. 

As it the 10 of April hauing ſet the bead for the time, yon 
ſhall find by the quadrant, the altitude to bee 36 gr. the bead 
ar the ſame time will fall vpon the houre-line of 9 and 3 : 
wherefore the houre is 9 in the forenoone, or 2 in the after- 
noone. It the altitude be necre 40 gr. you ſhall find the bead 
at the ſame rime to fall halfe way berweene the houre-line of 
9 and 3 andthe houre-line of 10and 2 2 wherefore jr muſt be 
cither halte an houre paſt 9 in the morning, or halfe an houre 
paſt 2 in the afternoone ; and which of theſe is the true time 
of the day , may be ſoone knowne by a ſecond obſeruation : 
for if the Sunne riſe higher , it is the forcnoone ; it it become 
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s ' The houre of the night being giats, ts find 
how much the Sunne below 
the horizon, 


> The Sunne is alwayes ſo much below the horizon at any 
houre of the night, as his oppoſite point 18 aboue the horizon 
at the like houre of the day ;and theretore the beade being ler, 
it the queſtion be made of any houre ofthe gight in the Sum- 
mer, then mou it to the like houre of the day 1n the Win- 
ecrzit of aby houre of the night in Winter,then moue it to the 
like houre of the day in Summer ; ſo the degrees which the 
thread Cuttcth inthe Quadtant,ſhall ſhew how much the Sun 
15 below the horizon ar that time. 

As it it be requited to know how much the Sunne is be- 
low the horizon the 10 of Aprilat 4 of the clocke in the mor- 
ning ; the bead being let to his place according to the time in 
the Suminer houres, bring it t0.4 of the clocke in the after- 
noone inthe Winter hourcs, and fo ſhall you finde the thread 
tocu: 8.g7. and about 30 m». in the quadrant; and fo much is 
the Sun below the horizon at that time. 


6 The depresſian of the Sunne ſappoſed, to gine the hawre 
of the x: ht with vs , or the houre of the 
day to our CAntipoats, 


Here alſo becaulc the Sunne 1s ſo much aboue the horfton 
at all houres of che das ,as his oppoſite point 1s beloywgthe ho- 
r1zon at ihe like houre of the nighte;thcrtore firſt ſer the bead 
according to the time, then bring the thread to the degree of 
the Suns depreſſion below the horizon , fo ſhall the bead fall 
on the contrary houre-lines , and there (hew the houre of the 
night in regard of vs , which 15 the like houre of the day in 
regard of vs, which isthelike houre of the day to our Anti- 

»0dE8s 
As ifthe 10 of April the Sunne being then in the beg'n- 
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of &, and by ſuppoſition 8 gr, 30», below the horizon 
in the Baſt , it be required to know what time of the night it 
is ; firſt ſet the bead according to the day in the Summer 
houres, then bring the thread to 8 gr. zo #v. inthe quadrant, 
ſo ſhall the bead fall a the Winter houres , on 'the line 
of a of the clocke in the afternoone : wheretore to our Anti- 
podes it is 4 of the clocke in theirafternoone , and to vs it is 
then 4 of the clocke in the morning. 


7 Thetime of the yeare or the place of rhe Sunne being 
giuen,ts find the beginning of day-breake, 
and end of twi light. 


This propoſicion differeth litle from the former : for the 
day is faid to begin to breake, when the Sun cometh to be bur 
18 gr, below our horizon in the Eaſt, and twi-light to end 
when it is gotten 18 gr. below the horizon in the Weſt - 
wherefore let the bead be ſet for che time, and then bring the 
thread to 18 gr.inthe quadrant, fo ſhall the bead fall onthe 
contrary hourc-lines, and there [hew the houre of twi-light 
as before. | 

So if it be required to know at what time the day begins to 
breake oa the tenth of April , the Sun being then in the be- 
ginning of & z, firſt ſer the bead according to the time inthe 
Summer houres, and then bring the the thread to 18 gr. in 
the quadrant , ſo ſhall the bead fall among the Winter houres 
alictle more then a quarter before z in the morning ; and that 
; _ time when the day begins to breake vpon x & tenth of 

pril. . 


The uſe of the Horizew. 
CHAP. VII 


Of the Horizon. 


from the beginning of declination cowards the end of 
F. bruary, divided yncqually , aud numbrecd by 19. 20, 
30. 40, Kc. 


Ti Horizon is here repreſented by the arke drawne, 


x The day of the maneth , or the place of the Sunne 
being knowne , to fide the amplitude of the 
Sunnes riſing and ſetting. 


Let the bead reQtified for the time , be brought to the ho- 
rizon, and there it ſhali ſhew the amplitude required, 
As it the day giue': bee the x5 of May, the Sunne being in 
| the fourth degree of 7, the bead reified and brought to the 
horizon , ſhall there fall on 35 gy. $. »». ſuch is the amplicude 
of the Sunnes riſing from the Ea(t,and of his {ertaing from the 
Weſt ; which amplitude is alwaycs North when the Sunne 18 
inthe Northerne fignes , and when he is in the Souththerne 
{ignes alwaycs Southward, 


2 Theday of the moneth , or the place of the Sunne 
being g1uen, to finde the aſcenſionall 


arfference, 


Let the bead reAificd for the time, be brought to the hori- 
2on , ſo the degrees cut by the thread in the quadrant , ſhall 
ſhew the difference of aſcentions. 

As if the day giuen bethe 25 of May, the Sunne being in 
the fourth degree of TL, ler _ "_z be reitied and brought 
K co 
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a58 | To findtheboureof the wich! by the ſtares, 


to the horizon ;ſo ſhall the thread in the quadrant fheyw the 
aſcenſionall difference to be 28 gr. and about 50m, 


Vpon the atcenſionall difference depends this Corollarie, 


T 0 find the houre of the riſing and ſetting of the Suy, 
and thereby ihe length of the day and nicht, 


The time of the Sunnes riſing may be gueſſed at by the 3 
of the laſt-{p. but here by theaicenſtonall difterence it may 
be better found , and that to a minute of time. For if the af- 
ccnſionall difference bee conuerted into time , allowing an 
hourefor 15 gr. and 4 minutes of an houre for each degree, it 
ſheweth how long the Sun riteth before fix of the clocke in 
the Summer,and atcer fix the Winter. 

Ait the day giuen be the 1 5 of May , the San being in the 
fourth of T, and his aſcenſionall difference found as before 
28 gr -50 m;'his conuerted into time, maketh 1 bo. and fome- 
wha: more then 55 »», of an houre $ wherfore the Sun at that 
time, in :egard jt v« a+ ſummer;roſe 1 bo. and tull 55 > before 
6 of the .locke ; and fo haning the quantity ot the ſemidiur- 
ha'l arke , the lengih of the day and night nced not be vn» 
knowne. 


CHAP. VII. 


Of the fiue Starres. 


Might hue put in nrore ſtarres , but thefe may ſuffice for 

.he finding of the houre of the nivht ar all times of the 
yearez and firſt I make choice of Ala Pegaſ7, a ſtarrein 
the extremity of the wing of Pegaſ# 1n regard 10 waiit - but 6 
minutes of time of the beginning of Y ; but bur becauſe it is 
but of the ſecond magnitude , and not alwayesto be ſcene , 
made choice of toure more, one for cach quarter of che Eclip- 
tique, 


To find the houre of the night by the flarres, 359 
cique, as Oculw & the Bulz eye, whole right aſcenſion con* 
ut rtcd into cum is 4 bo. 15 mzthen of Cor. the Lions hearts 
whoſe right aicenſion is 9 40. 4g mz next of Artur, whole 
right aſcenſion is 13 H. 58m; and laſtly of Aqui/a , or the 
Vultures heart, whoſe right afceofion 18-19 H. 33 #9. Thele 
fiue ſtarres hauc all of them Northerne declination ; and if any 
others , tome of thete will be ſcene at all times of the yecrcs 


Thevſcofthemis, 


The aititnde of any of theſe fine Starres being 
knowre to find the howre of the right, 


Firſt put the beade to the ſtarre which you intend to ob- 
{crue, take his altitude and fide how many hour $ he 1s from 
the iner1di in by the fourth Prop, of the fixt Chap; rnen our 
of the righe alcenſto of tl e [tarre , take the right atceuſion of 
the fun con. ertcd wto houres , and mark: the d rence ;; for 
this difference being added to the obſcrued huure of the [tarre 
trom the meridian , thall ſhew how ma" y hourcs the fuanc is 
gone from the meridian, which 1s inc#c4 the houre of the 
wght, 

Asit the 15 of May , the fun being in th» fourth of Z, 1 
ſhould let the beade to Ardrarus , and oblcruig hi altitude 
thou. d tind him to be in et Weſt abour 52 gr. high, aad the 
bead to fall on the houre-line of 2 afternoone , the houre 

would Lc 11 40. 50 m9. pait noone, or 10 mn. ſhort of midnight. 

For 62 gy. the ri2ht aſc.nfion of the ſunne , conuerted in- 
to time, makes 4 0.8 m. which it we take our of 13 ho. 58 m. 
thc right aſcenſion of Ardtnris, the difterence will be 9 b9. 
5o , end this being added to 2 hs. the obſerued diſtance of 
Ar itxrus trom the merid:an , ſhewes the honre of the night 
to be I1 bo, go mr. Another example will make all more plaine. 

it the 9 of luly the ſunne being then in 26 gr, of S, I 
$ould fer the beade of Oculnus & , and oblcruing his altitude 
{hould find him to be in the Eaſt about 12 gr. high, and the 
bead to fall on the houre-line of 6 before noone , which 1s 
Kkk 2 18 
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266 The ue of the Atimuth-lines, 
18 ho. paſt the meridian, the houre of the night would be ber- 
ter then a quarter paſt 2 ofthe clocke in the morning. = 

For 11% yr. the right aſcenſion of the Sun, conuerted into 
time,makes 7 ho, 52 m; this taken out of 4 h9. 15 m.the right 
aſcenſion of Ocu1s & , adding a whole circle, (tor otherwiſe 
there could be no ſubtraction) the difterence will be 20 ho, 
23 7m, and this being added to 18 bo. which was the obſcrucd 
diſtance of Oc#lus & from the meridian , ſhewes that the Sun 
(abating 24 bo. for the wholecircle) is 14 49. 23 ®. paſt che 
meridian,and theretore 23 #..paſt 2 of the clocke in the mor- 
ning. 

it the Noftwrnall bee placed on the backſide of the qua- 
drant you may aud this equation of right aſcenlions. For 
kuowivg the time of the yeere when the ſtarre will be inthe 
ſouth at midnight yon may bring that time to the houre ob- 
ſeracd , then will the day of the moneth whercin you made 
the obſeruation point at the houre of the night required, 

As inthe firſt example where on the 15 of May the bead 
ſet ro Arturu, fell on the houre-line of 2 afternoone, becauſe 
ArQurus will be in the fouth che 14 of Oktober compleat at 
midnight you may place the 14 It Oftober at the houre of 
2, ſo the 15 of May will pointtor1 ho. go mn, 

Inthe ſecond example, where the 9 of Iuly the bead fet to 
the Bulls cye fell on the houre-line of 6 before neone, becaufe 
the Bullseye will be in the touth che 16 of May compleat at 
midnight you way rourne the 1 Gof may to the houre of 6,and 


- you ſhall finde the 9 of luly to point to 2 ho. 23 mw. as br- 
OTC, 


CHAP. 


The uf of the Azimutk- lines; 
CHAP. IX. 


Of the Azimuth-lines. 


Hoſe lines which are drawne betweene the zquator 

| and the tropiques , on that fide of che quadrant which 

15 neareſt ynto the ſights, and are numbred by ro. 20, 

30. &c. doc repreſent the azimurhs, the vtrermolt tothe lefc 

hand repreſenteth the meridian, that which 1s numbred with 

to the tenth azimuth from the meridian , and that which is 

numbred with 20 the twentith , and ſo the reſt. Thole lines 

which are drawne from the zquator to the left hand , doe 

ſhew the azimuth in the Summer ; ard thoſe other to the 

right hand , doe [hew the fame in the Winter. The vie of 
them is. 


1 The azimuth whereon the Sunue beareth from 
vs being knawne, to findthe altitude of 
the Sun aboxe the hortzon, 


Firſt let the bead beſt for the time, as inthe former Chap- 
rer, then moue the thread vnrill rhe bead fall on the azimuth; 
ſo the degrees wiiich the thiead cutterh 1n the quadrant, ſha!l 
| ſhew the altitude of the Sun at that time, Where you are to 
obſerue , that ſecing the azimurhs are drawne on the right 
ſide of the quadrant , you are aiſo ro bezin to number the de- 
orces of the Sunnes altitde from the right hand toward the 
left. As it the fights had becn ſet on the line AB, and you 
| had turned your right hand towards the Sun in obſeruing of 
of his altitude , contrary to our practiſe in the former 
” Chapter. 

; As if the time giuen were the 2 of Auguſt , when the Sun 
hath about 25 gr, of North declination, you may fer the bc ad 
tor the time , ſo yoa ſhall find the height at noone when the 
Kkk 3 Suanc 
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Sun is in the ſouth, tobe 53 gr. 30 w. when he is 10 gr. from 
the ſouth 53 g7.10 m.when zo gr.then abou: 52 g7.8 9. when 
30 gr then 50 gr. 20 . when 4ogy. then 47 gr. 48 wv. when 
5o gr. then 44 g7. 12 #5. when 60 grathen 39 gy. 35 m, when 
70 gr. then 33 £87.50 m, when 80 gr. then 27 gr when he 1s 
in the Eaſt or Welt go gr. tiom the meridian , then 1s the 
height neare 19gr. 20 #9; when he comes to be 100 gr. then 
11g7,15 # whentiogr.then 3 gr. 20 #mzand betorc he come 
meth to the azimuth of 120 gy. he hath no alticude. For the 
ſun hauwg 15 g7.of North declination, will riic and fer at 114 
£7. 348 from thc Weridian, 


2 The altitude of the Sun betwg giuen ,te find 
8k what azimuth he beareth from vs. 


Let the beade be et for the time, and the altitude obſer- 
acd as before ; then bring the thread to the complement of 
that altirude, ſo che bead thail ſhew the azimuth required, 

As if the (ſecond of Avgult, hauing ter the b:ade for the 
time , you ſhall find che altitude of the {un to be 19 gr.20 m, 
remoue the thread vnto 70 gr. 40 . the com lem«nt of the 
altitude ; or , which isall one , co 19 gr. 20 mw. from the right 
hand toward the left , and the bead w:ll fall 02 the line of go 
gr. from the meridian. And ther fore the point whereon the 
ſunae bearcth from vs, is one of theſe two , either duc Eaſt 
or due Weſt. And which of thelc is the true point of che 
compaſſe , may be ſoone knowne by a ſecond bſcruation - 
for if the ſunue riſe higher, it 15 the forenoone; it 1t be lower, 
it 1s the afternoon. 

By knowing the azimuth or point of the compaſlc! vhere- 
on the funne beareth from vs , it is eaſy to find, 


A meridlanlize, and thereby 
The coeſting of the Countrey.. 
The ſue of a building. 

The variation of the Compaſſe. 


AS 


The wſe of the Quadra. 263 

As if the ſecond of Auguſt in the afternoone , I ſhoutd find 
by the height of the ſun that he beares from me 60 gy. from 
the meridian toward the Weſt : then there being 90 gr. be- 
longing to each quarter , the Weſt will be 30 gr. to the righe 
hand, che Eaſt is oppoſite to the Welt , the North and South 
lic equally berweene them. 


ERA EF. 2. 
Of the Quadrat, 


'TS E Quadrat hath two ſides diuided, the other two ſides 
next the Center may be ſuppoſed to be diuided , each of 
them into 100 cquall parts : of the ſides diuided, that which 
1s next the horizontall line containes the parts of right ſha» 
dow, the other next the ſights, the yarts of coatrary ſhadow. 
T he vie of che Quadrat is, 


1 Any pointbeing cinen , to finde whether it be 
lenel/with tbe eye, 


Life vp the center of the quadrant , ſo as the thread with 
the plummet may play caſfily by the ſite of it : then looke 
through the ſights to the plice giuen : for now if the thread 
ſhall fall on A B the hor:zontall line , chen is the place giuen 
Jenel! with the vye : bur if ir ſhall fall within the ſaid line on a» 
ny of the diuifions, then it is higher : if without , then tt 18 
lower then the leucll of the c ye. 


2 To firdan b:ight aboue the leneil of theeye, or 4 
drſtance at one obſernation. 


Looke through the ſighes to the place,going nearer or far- 
ther from it, till the thieadfall fall on 100 parts in the quadrat 
or 45 Fr-in the quadrant,fo ſhall the height of the place aboue 
the lcucilof the eye , be cquall to the diſtance betweene the 
placeand the cyc, H 
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If thethread fall on go parts of a right ſhadow , the heighe 
is but balfe chediſtance: if it fall on 25 , it isa quarter of che 
diſtance 3 if on 75, it is three quarters of the diſtance. For as 
oft as the thread talleth on the parts af right ſhadow , 


AS Ioo to the parts on which the thread falleth : 
So isthe diſtance to the height required. 


And on the contrary , 


As the parts cut by the thread are to 100 ; 
Sothe height vnto diſtance, 


But when the thread hall fall on the parts of contrary fha- 
downe: if it fall on 5o parts, the height is double vnco the di- 
ſtance; if on 25 , it is fonre timcs as the diſtance. For as oft 
as the thread fallech on the parts of contrary ſhadow, 


As the parts cut by the thread are ynto 100 : 
So 1s the diſtance vnmto the height. 


And on the contrary , 


As 100 are vnto the parts cut by the thread : 
So 1s the height yato the diſtance. 


And what is here faid of the height and diſtance , the ſame 
may be vnderſtood of the height and ſhadow. 


3 To 


The vſe of the Quadrat. 


3: To finde # height or 4 diflance at 
ime obſeruations, 


As if the place which is to bee meaſured mightnot other- 
wiſe bee approached , and yet it were required to finde rhe 
beight B C, and the diſtance 2 firſt if I make choice ofa 
ſtation at A, where the thread may fall on 100 parts in the 
quadrat, and 45 gY+ in the quadrant, the diltance A B 
will bee equall tothe height B C; then if Igoe farther in a 
dire line with the fo:mer diſtance, and make choice of 
a ſecond ſtation at D , where the thread may fail on go parts 
of right ſhadow , the diſtance B D would bee double to 
the height B C3: wherefore I may meature the difference 
betwecne the two ſtations A and D, and this difference 
D C will bee £quall both to the diſtance A B aud the 
height AB, 

Gr ifi cannot make choice of fuch ſtations , I take ſuch as 
I may , one at D, where the thread falleth at go parts of righ: 
ſhadow ; the ſecondat E , whete it falleth on 4o parts : and 
ſuppoſing the height BC to bee 100, I find that 


As 50 parts are vnto Too , the ſide of the quadrat : 
So 100 the ſuppoſed height, voto 2co the diſtance B D, 
And as 40 parts, at the ſecond ſtation , vnto 100 : 
So 100 the ſuppoſed height , vnto 250 the diſtance B E. 


Wherefore the difference betweene the ſtations D and E 
ſhould ſeeme to bee 50; and then if in the meaſuring of it, 
I ſhould finde it to bee cither more or leſlc , the proportion 
will hold, as from the ſuppoled difference to the meaſured 
SR {o from height to teight , and from diſtance to di- 

ance. 

” As ifthe difference between the two ſtations D and E be- 
ing meaſured , were fourd to be 30. 


As As 
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As 50 the ſuppoſed difference, vato 30 the true difference; 
$0 100 the ſappoſed height , vareGorke mere height, 
And,20othe ſuppoſed diltance, vn:q t20 tne tru2diltice 7 
And 250 atthe ſecond ſtation, vato 150 the diſtancs B E, 


The like reafon holdeth in all other examples of this kind : 
and if an Indexwith ſights were fitted to rurne yponthe Cen« 
rer , it might chen ſerue by the fame reaſon for the finding of 
all other diſtances. 


FINIS:. 


The uſe of the C anon. 


"His CANON hath like vſe as Tables of right Sines and 

Tangent (et torth by ochers, bu: the praiſe ſomewhat 
more calic. For keeping their ru'cs, and working .by theſe 
Tables, you may vic addition inſtead of their multiplication, 
and inbtraction in ſtead of their diviſion, and ſo reſolve 
al iphzricall triangles without the helpe of Secants or verſed 


fines. ew 


If any defire the like of right-lined Triangles, he may ad 
j-1yne the Logaricthmes of my old Collegue & worthy friend 
M. Henrie Briggs. For both proceed trom the tame ground, 
and fo -equire th: fame tnaner of workes; as 1 often (hew in 
my publ.que LeAuresat Greſham College: where | reſt, 


Friend to all that are ſludious 
of Mathematical! prattiſe, 


E.G. , 


FINIS, 
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GENERALL VSE 


Sr THE 


CANON AND TABLE 


of Logarithmes. 


I AER Ogarichmetique is a Logicall kinde of 
4d © 7 K.-& Ari Emetigue , or aruaticiall yic ol 
X A -e\)} pum bers 1 uci td for the cafe of the 
-Y L iz calculation wherein e-ch rumber 1$ 
['$ - 7 -EF.) tiered with an Araticiall, and theltc at- 
4 \h , thciall rumbcrs ſo ordered, that what 
T 2) CL is producea by multiplication of natu- 
SES SELLER rai nuinocrs, the ſame may be «ftcted 
by the addi 101 of theſe their artiti tal; numbers ; 14, hat they 
pertorme by diuifion, the ſame ls he: e done by lubtraction: 
ad fo the hardelt pait of calcu atlon auvided by aii caly pro- 
{[thaphareiis. ; 

All this (hall be wave plane by apylying that to theſe Ar- 
rificiall numbers, which | haue ſet downe before tor the vic 
of my Lines of numbers fti1cs and Tangents 1a the vie 
of the Sector and Croiſetatft, Whercin the icader is to obs 
ſeruc that, what is to be wr ugh: by roud numbers only , is 
beſt done by A7,Frigges h s Loogarithmes but the altronomi- 
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2 The general fe of the formal Canon 


call part concerning arkes and angles, by my Canon of Arti- 
ficiall fines and Tangents. 


——_— 
— 


CHAP. IL 


Concerning the ſe of the line of Numbers , I ſet 
downe ten generall Propoſitions im the ſe of 
the (roſſeſtaff. p. 18. and the/e may bee 
applied to the table of Logarithmes, 


Pxoye, I. 
To multiply one number by another 


His is the VI. Propoſition of the ten : but 1 begin with 
the eaſieſt, adde the Logarithme of the multiplicator to 
the Logarithme of the multiplied, the ſumme of both ſhall be 


the Logarithme of the produdt. 
As when we multiply 25 by 3o the produdt is 750 
fo here adde the Logarithme of 25 viz. I 297. 94001 
tothe Logarithme of 30 1477. 12125 
the fumme of both will be 2875, 06126 


And this is the Logarithme of 750. 
In like manner, if we multiply 1o by 10the pred.,is 100. 


if 100, by 10 ; the produR is 1000, lo here 
The Logarithme of 10 bceing 1000, 00000 
The Logarithme of rooo ſhall be 20CO. ©©000 
I 000 30cO. 000CO 
10000 40C0. 00000 
100000 5©0O. 000: © 


And fo forward : All intermediate numbers which hauc ' 
intermediate Logarithmes. 
If 


and Table of Logarithmes, 7 
If we multiply 1041 by 10 , the produft is 1010 of 102 by 


to the produdt is 1020 : ſo here 
The Logarnhmec of ro viz. 10UO. 00000 
addc<d the Loy. of 101 2004 33137 
giues the Log. of 1010 3004. 32127 
The fame Logarichme of 10 I 000, ©0000 
added to the Loguichime of 102 2008. 6001 7 
giues the Logaruhme of 1020 3008. 60017 


The difterence being only in the bit figure , and thar is al- 
wayes |clle by one then the number ot places, in the number 
21uen As when we find he Logarithme to be — 2008 60017 
the firſt Fgnre , 2, is cho1aRteriſticall , i, the Index ſhewing 
that the whole nuinb.r 102 belonging to this Logarithme , 
co: (iſts of three places. 1th L'(garict me had beene 1008, 
60017 the whole number mult haue becn 10. 2 conſiſting 
of :wop aces, and the rc(t a traction of ;;. 

Itehe Logarithme were — ooos. 60017 the num- 
ber be.on; ing to it would be, 1. 02.1 1and = And this is 
one of thc reaſons why the difterences were omnted in the 
firſt bundred Logarithmcs. All ihole Logarithmes may be 
found afterwards vnder a larger I1 dc x. 

Againegif we multiply 201. by 5 , the produdt is 1005: fo 
here: if we adde the Logarithme of 5 vnto the Logarithme 
of 201, the ſumme of both, ſhall be the Logaritime of 1005 
and the ſumme of the Loga. ithmes of 5 and 203 ſhall be the 

Logarithme of —1015. Thus the molt part of the table may 
be continued beyond 1 000, 


P A O P, 2s 


T's divide one number by another, 


Subtract the Logarithme of the Diuiſor our of the Logs» 
rithme of the Diuidend , the Remainder , ſhall be che Loga+ 
rithme of the Quotient, : 


Aaaa 2 At 


T hegenerall ve of the Canon, 
As when we diuid 750 by 25 the quotient is 30!ſo here 


from the Logarithme of 750 VIZ 2875. 06126 
ſubtrat the Logarithme of 25 I 397. 94201 


There remaines the Logarithme of 30. 1477. 121z5 


In like manner when we diuide 11.by 4«he quotient is 2! 


ſo here the Logaricthme of 4 viz 0602, 05999 
taken from the Logarithme of 11 1041+ 329269 
leaucs the Logaruhme of 27 0439+ 3} 270 


wherefore , if it were required to find the Logarithm. of a 
whole ngmber with a fraction annexed (as one 23) we might 
firlt reduce it intoan improper fration of © (or ratlicr of 2.) 
and then ſubirat as before. | 
It it were required to find the Logarithme of a ſingle fra- 
Aion, as of +, we may lubrrac as before ; But this traction 
bring fc chen 1, the Logarithme muſt be lefle then o. and 
theretore nored with — a defeRtiue figne. 
So the Logatithme of ': or 2; 15+ 043g. 33270 
aud the Logaruhme of 5. — 0439. 33270 


P xov. 3. 
To find the ſquare root of a number. 


Halfethe Logarichme of the number giuen is the full Loga- 
richme of che {qua:c. Root. 
So the Logarichme of 14, being 2158. 36249 
the halfe thereot 1s 1079.18124 
the Logarichme of 32 tand ſuch isth< ſquare Roo of 1 44- 
Then by conv<rfion having extracted the ſquare Root, 
we may ſoone finde the Logari hwe. 
As, the Legarithme ot ro ocoo being 1oco. oooo 
the " pi 6, nh of the {quare R. 316227 js 0500. c0000 
andtor che Root of that 157827 ©2 50, 00000 


PROP, 4. 


andTable of Logarithmes, 


PROP [4c 
7 o finde the Cnbique Roote of 4 number. 


The third part bf the Logarithme of the number giuen is 
full Logarichme of the { ab:qze Roote. 

So the Logarith of 125 is 2096. 91001 

And ;+ the Logarithme of 5 0698.97000 


" By theſawe reaſon we may finde the Biguidrate Roots, by 
diniding the Logarithme of the number giuen by 4 : the (0+ 
lid Roore, by dividing by 5 : ard fo torward. 

And by converſion, hauing extratted the Roote, we may 
ſoone fiude the Logarithme, 

As the Logarithine of 10,000, &c, is 1000.00000 

The Logar. ofthe C#b.R. 21 544. 0333+ 33333 


The Logarichme of 100,000, &c, 2000» 00000 
the Logaricthme ot the Cubique R. 4641. 0666, 66666 


Then multiplying theſe ſquare and C»b5que Roetes one by 1 
another, we may produce infinite other numbers, and hauc all $4 
their Logarithmes. * 

#4 | 
Paore, $. K 


Three wumbers being ginen, i0 finde afoarth + 
Proportional, RY" Top * 
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This Ge/den Rule, the moſt victull of all others, _ bee 
Wes employs appeares by this examples 
A$ 3A.4nto 34 $04 20a forty munder, 
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6 The general vſe ofthe Canon 
The ordinary way in Arithmetique is by multiplicatio 


3. anddiviſion.For firſt they multiply the ſecond into the third, 


and then diuide the produd by the firlt number given As 
here multiplying 24 by 4, the Procudt is 96, then diuiding 
_ 2 the Quotient will be 8 the fourth number h.ce re» 
QUuIrede 

According to this way we adde the Logarithmes of the 
ſecond and third, and ſubtrat the Logarithmes of the firſt, 
ſo, that which remaineth, ſhall be che Logarithme of the 
fourth'number required, 


— — > R@— — 


| 24 1380. 21124 
the Logarithme of the third 4 90502.05999 


the ſumme of the ſecond and third Logar. 1982, 27123 
{ubtrat the firſt and there remaineth 0903. o89g8 
And thus is the Logarithmes of 8. the fourth Proportionail. 


A ſecond way in Arithmetique is by diviſion and multi- 
ication. For where the ſecond nuwber 1s gicater than the 
firſt, they eay diuide the ſecond by the firit, and then multi- 
ply the third by the quotient. As here div.ding 24 by 12 the 
_ is 2; then multiplying 4 by 2, the Produd will 
According to this way we take the Logarithme of the fi ſt 
out of the Logarithme of the ſecond, and then adde the diffe= 
rence tothe Logarithme of the third. $o the ſamme of this 
addition ſhall be the Logarithme of the fourth required. 


Thus the Loga. of the firſt Numb. 12 is 1079. 18125 


the Logaricthme of the ſecond 24 1380. 21124 
the difference betweene the increafing — 300.02999 
addcd to the Logarithme of 4 0602, 05999 
gives the Logarithme of 8 0902, o89g8 


A third way in Ari ique is by diviſion and diviſion, 


for where the ſecond number 1s leſſe then the firſt, a ow 
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and Table of Logyrithmes. 7 


divide the firſt by the ſecond, and then againe divide the third 
by the quotient. As here dividing 12 by 4+ the quotient 
is 3 3 thcndiuiding 24 by 3. the quotient 1s 8. 

According to this way we take the Logarithme of the ſe- 
cond, out of the Logarichme of the firſt, and then take the 
difference out of |, prune" ot the third ; So,that which 
rcmaineth (hall be the Logarithme of the fourth number 


required. | 
Thus the Logar. ofthe firſt numb, 12 is 1079, 18125 
the Logarithme of the ſecond 4 0502. 05999 
The diftcrence decreaſing, _477-12126 


ſubſtraed from the Logarithme of 24 1380. 21124 
givesthe Logarithme of 8 0903. o8999 


Theſe two latter wayes by difference of Logarithmes, may. 
be conſidered as the fame. Though there be tome difference 
betweene them, yet that may eaſily be reconciled, if we have 
regard to the nature of the queſtion, For three num- 
bers being giuen in dire& proportion , if the ſecond be 
greater then the firſt, the 4, muſt be greater then thethird ; 
It the ſecond beleſſe then the firſt, the 4. muſt bee lefſe rnen 
the third, and their Logarithme accordingly. But in recipro- 
call proportion, conſidering the firſt and lecond numbers to 
be of one denomination, we are to vbſerue the contrary, 

If we defire to turne ſubtrattion 1n:o addition wee may 
rake the ow gr which 1s to bee ſubtracted out of the 
Radirs, aud idde the complement. So the ſumme of this 
addition, the Redns beirg (ubtracted (hall give the required 
Logarithme as before. 

Thus in the laſt eXample ; whc re ſubtraRting the difference 
477+12126, out of 1380. 21124. the Logarithme of 24 we 
found the remainder to be 0903, 08998. the Logari:hme 


of 8. = 
The Radins bewg 10000, 000CO 
the Logarithmeto be ſubtracted 0477. 12126 


the complement tothe Revins is 9532, 87874 
This 


oo -— —__—_— 


Thegenerall vſe of the Canon, 
This added to the Logarithme of 24 
giues vsa compound Logarithine 


I 380. 21124 
10,03.03998 


From this, if we ſnbtrat the Radio, (that is, if we cancell 
the firſt figure to thelefr hand) the reſt is c993.o8998 
the Logarithme of 8. che fourth Proportionall, as before. 

By helpe of this fourth Proportional we may come lome- 
what ncere to finde a Logarithme fora number ot 6 places. 

As it it were required to findea logarithie for this num* 
ber 868624. the table will affoord vs Logarithmes tor a 
icfler ai'd a greater number ; and then the intermediate may 
be found by che part proportionall in this mancr. 

Here we have the Logarithme of 868 2938. 51973 

and the Log. of che nexr following 8659 29z3y. 01978 


© . and thetabular diffcrence berweene them 5009S 


If the Index be ficted to the number of places 
the Logarithmce oft 868000 ſhall be 5938: 51973 
and the Logarith, of 869100 5939+ 01978 
the diffcrence being 1000 50005 

Then taking 8680co, ont of 868624, (th- number given) 
the third difference wiil be 624. And hauing the chiee 
differences the proportion will hold, 

As rv00 vnto 50005 

So 624 vnto 31203 the part pro« 
portioaall to be added to the leſſer Logarithme $938.51973 
ſo ſhall we ha'ie 5938. $3176. forthe logarithme required, 

Inlike maner hauing a logarichme given, we may finde che 
valuc ot 1c 1na number of (xe places. 

As if che Loga.ichme grven were 3938.83482 
and ic were requiredto find the nu-nber to which it belong- 
eth: Thr: Logarichme1s not to be found in the Table; but 
changing the 1»4ex and making 1: 29398, 83182 


the next ietler logarichme of 868 is 2938-51973} 
and the tabular difference following 5o00F 
andthe proper difference 31209 


AS 
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As th Tabnlar difference $0005 whito 100000 

Sothe proper diftcience 31209 vnto 6241 k 
he part proportionall to be ioyned to the end of the former 
zumber 868 : fo ſhall we haue 86862411. tor the value © 
his Logarithme. Bue the Index ot the Logarithme being 
3. the number required muſt confiſt of 4 places: 98 8656 
and the ri ſt a tration of ,*:. 

This I fay is fomewhat neere the truth. For this number 
here propoled 86862, 1s the ſquare of 932, 


Thc true Loga, of the Root 932 13 2969. 4I591 
T he true Loga.of the Square 868624, 5938. 83182 
Paoe, VT. 


Three numbers being ginen to finde a fourth in « 
duplicated Propoſition, 


In queſtions that hold in a duplicated proportion between 
Lines and Superficies, the Logarithmes for lincs giuen may 
be doabl-d, the Logarithmes for lines required may bee 
halfcd, and then the worke will be the fame as inthe firſt 
part of the former Propoſition. 

Suppoſe, the Diamerer being 14, the content of the circle 
was 154; the Diameter b:1'g 28, what may the contcrt 
bre ? 

H rc the queſtion concerning both lines and ſuperficies, I 
double the Logarithmes of the 2 lit.es giuen, and then worke 
as beturc 11 tht mancr, 


Th- logarithme of 14 is 1146. 12803 
thelogarithme of 23 1447. 15803 . 
the ſame avgaine 1447-15803 
the logarithme of 154 2187. 52072 
the ſamme of theſe laſt 5081, 83678 
Subtract the double of the firſt, "2298. 25606 
there remaines the logar.of 616 2789.5 8072 
Bbbb l 
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And ſuch is the content ofthe circle here required, 


Suppoſe the content of a Circle being 154, the Diamerer 
= was 14; the content being 616, what may the diameter 
ce? 

Here being oneline ginen, and'one line required, I double 
the Logarithme of the linc giuen, and then working as bc- 
fore,the halfe of che remaind.r thall be the Logarichme ofthe 
line required, 


Thus the loga, of 154 is 


the logarithme of 616 
the logarithme of 14 
the ſame agaire 


the ſumme of theſe laſt 


2! 87, 52072 
2789. 58073 
1146. 12803 
1146, 12fo3 
go81. 83678 


ſub.ra the logarithme of che firit 2187,52072 
the remainder will be 2894 316c6 
the halfe thereof is 1447-15803 


The logarithme of 28. the Diameter r: quired. 


Or according to the ſecond maner of operation , the dif- 
ference betweene che logarithmes of lines given may be dou» 
bled ; the diffterencebetweene the logarithmes of the conteat 
given may be halted, and then the worke will be the ſameas 
1n che latter part of the former propoſitions 

So, in the firſt queſtion, where the Diame:ters were giuen 

and the content required, 

The logartthme of 14 is 
the lagatithme of 28 
the difference increaſing 
the double of this difference 
addcdro the logar. of 154 
gues the lugarith. of 616 


1146, 12803 
26972008 

3OT, OJOOG 
| GOL. 06009 
2187. 52072 
2789. 58072 


In the ſecond queſtion, where the content of both the cir- 
cles waz knowne, and the Diameter of the one 1Euired. 


'x 
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and Table of Logarithmes. 
The logarithme of 154 is 
the logarithme of 616 


the difference increaſing 


the halfe of this difference 
l added to the logar. of 14 
giues the logarith. of 28 


FL Oy. 7. 


eriplicated proportion. 


FI 


2137; 52052 
278g. 58072 
602, 06000 


301. 03000 
1146. 12803 


1447. 1580} 


k T hree numbers being giuen to ſinde 4 fourth in a 


In queſtions concerning proportion betweene Lenes and 
Selids the logarichmes for lines given may bee tripled ; the 
| jogarichmes for lines required may be diuided into 3. parts, 
* andthentheworke will bethe ſame, as in the firſt way for - 


; the rule of Three. | 
L Suppoſe the Diameter of an Tron bullet, being 4 inches, 
the waightof it was 9 pound, the Diameter bcing 8. inches, 
what may the wa:ght be ? 
The logaritbhme of 4 is 0602,05999 
rhe logarithme of 8 0903. o8999 
the Trip'e of it 2709. 26997 
the logarithme of 9 0954. 2425 1 
the ſumme of theſe laſt 3663. 51247 
ſub:rathetc1ple of the firit logar, 1806.17997 
there remai: es the logar. of 72 1857. 33257 


and ſuch is che waight required, 


Suppoſe the waight of an Iron bullet being 9 pound, the 
Diameter was foure inches ; the waight being 723 pouud, 
what may the Diameter be ? 
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The Logarithme of 9g is 
the Logarithme of 73 


the Logarithme of 4 

the dovble of this againe 

the 1umine of theſe laſt 

the firſt Log. tubſtracted there remaiges. 
the third part thercot is 


0954s 24251 
1857, 33250 
©0602. 05999 
1204. 119983 
3663. $1247 
2709. 26 996 
0903. c8999 


the Logarichme of 8. and ſuch is the diameter required. 


Or according to the ſecond manner of operation in the rule 


of chree , the difference betweene the Logarichmes of lines. 


giucn may bee tripicd; the difference betweene the Loga- 
rithmcs of the ſolidity or weight giuen may be diuided 110 


3 parts, 


So 1n the Firſt queſtion, where the diameters were knowne, 


and the weight required. 
The L -parichmne of 4 is 
the Lo,arthme of 8 
the dittcrence encreaſing 
the triple of this difference 
added to the Logarithme of 9g 


giucs the Logarichme of 72 


0602. 05999 
0903. 08999 
301, 030co 
903 .09000 
095 4. 24257 


1857, 33251 


In the ſecond queſtion , where the weight was knowne , 


and the diameter required. 
The Logarithme of 9. 1s 
the Logarithme of 72 
the diffcrence increaſing 
the third part of this difterevce 
added to the Logarithine of 4 
giucs the Logari:hme of 8 


0954. 24251 
1857. 33250 
90 3+ 08999 
301. 02493 
0602. 05999 
0903.08998 


PROP. 


©*-uleth 


andTable of Lozarithmes, 
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1aving two gumbers ginen to find a thirdin continuall pro- 
portion , a fourth , a fifth , a ſixt and ſo forwa#a. 


According to the firſt way in therule of three, we may ſub- 
rrat the Logaruhm- of the firſt number , out of double the 
Logarich:ne of the ſecond , rhe remainder ſhall be the Loga- 
rithnc of thethird , then ſubtratiag the Logurithme of che 
firit number againe out of the Logaruhm:s ot the ſecond and 
third, that is, out of triple the Logarichme of the ſecond, the 
remainder ſhall be the Logarichme of the fourth , and fo for- 
ward, 
As, when we ſay: As 1 vnto2,fo2 vnto 4: and 4 vnto 8; 
and8 ynto 16 &c, becauſe the firlt number is 1 , there is no 
need of divifion , bur oncly to multiply 2 the ſecond number 
into it ſelfe , the produdt gines the third proportionall num- 
ber to be 4: thin multiplying 2 into 4 , the fourth proportio- 
nall is 8: and multiplying 2 into 8 the fifth proportional! is 
16 ; and {o forwaid. So here the Logarithme of the firſt num» 
ber being 1. there is no need of ſubtration, 
Bur, finding the Logarithme of 2 to be. | 0301, 02999 
the double giues the Logarithme of 4 o602.05999 
the triple giues the Logarithme of 8 0903, 08999 
the quadruple giues the Log. of 16. I 204+ 11998 
a::d ſo forward 111 mnfinntuw, 
In all other nunibers that begin not with 1 , wee may ci- 
thr ſubcratt che Logarithine of the firſt number, or adde the 
complement viito the Raaius, 
As when the numbers giuen are 100 and 108, 
The Logarithme of the firſt N. 1co, is 2c00. 00000 
the Z.,garithme of theſecond 108 42033. 42376 
the double of thisſccond Logarichme. 4go66. 84752 
ſubriac the firſt Log. there remaines 2066, 84752 

the Zogarichme of 1164 the third proportionall. 
bbb 3 Againe 
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Apaine ſubtra the firlt Logarithme 2000. 00009 

out ot the ſumune of the Logarichmes of 2033. 42376 

the |econd N. and the third Proportionall 2066, 84752 

there remaines the Logarithme , 2099. 27128 
anſwering vnto 125. 57: the fourth number in continuall pro- 
porcion. 

According to the fecond manner of operation we may take 
the difference between the Logarithmes of the rwo uumber, 
giuen; ſo, this diff. rence applicd to the Logaritlin: of the 
tecond number ſhall gue the Lugrithine of the third Pro- 
portionall ; the fame d ference applicd to the Logarithine of 
the third Propertionall , ſhall giue the Logarithme of (he 
fourth Provortionall, Or the double of this diffecence apply 
cd to the T.ogarithme of the firſt number ſhall giue the Loga- 
richme ofthe third Proportio:all : thetreble of this differ. nce 
ayplyed to the Logarithme of rhe firſt number ſhall glue the 
Logarithme 6f the fourth proportionall : and ſo forward. 


As inthe former examp'e, where the two numbers giu.n 
were 100 and 108 : ſuppoſe 100 increaſing to 108 , and fo 
yearly in continual! proportion after the ratc of 8 in 200, and 
that it were required to find, what this 200 would grow vn- 
to by the end of 20 yceres ? 

The Loga: ithme of the firſt numb, 100 1s 2000. 00000 

the Logarithme of the ſecond no8 2033.4: 376 

the yearely diff. rcnce increaſing 33- 42376 

add: d to the Loga. of the ſecond giues. 2066. 82752 
the Logarithme of 116 © for the third proportional! ; And 
{uch isrhe encreaſe at the crd of the ſecond yeare. 

Againe the ſame yeerely difference added to the Loga- 
rithme of the third Proportionall giues 2100, 25138 
the Logiricthme of 125 22 tor the fourth Proportionall and 
the encreaſe at the end of the third yeare : and lo the reſt, 

. But becauſe the queſtion is onely of the 20 yeare without 
knowing the reſt , we may multiply the former yeerely diffe- 


rence 33-4237 
by 20 ; lo the difference of 20 yeare 668, 47520 
added 
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added to the Log. of the firſt num.100.vz. 2000, co000 
giucsthe Logarithme of 466, 22% 2668. 47520 
chat is 466. l, 1. 8.11.4, fere. the ſumme that 109 would grow 
vn:0 by the cnd of 20 yeares at the rate propotcd. | 


In like manner if the two firſt numbers given were 108 and 
100: Suppoic 108 decreaſing to the 100 and fo yeere'y in con-= 
c114uall proportion and that 1t were required to find what 100 
would decreaſe vnrto by the end of 20 yeares: Or ( which is 
al; onc) ſuppoſe 100 to be due 20 y care hence, and that it were 
requircd to find the worth thereof in ready money according 
:© hc former rate. I he Log.of the ficſt N.10$ is 203 3-42 376 

the Logarithme of the ſecond nroo 20co. ococo 


the difftredce for the ycare decreaſing © 33. 43:76 

taken trom the I ogarithme of 100 kaues 1966. 57624 
the Logarithme of 92 *: for the third proportionall: ard ſuch 
is tl e pic lent worth of 100 1, duc atthe yeares end. 

The faine difference ſtbtrafted once more leanes 193 3» 
1 5248 the Logatichme of 85 222 for the fourth propotionall , 
and the pr: ſent worth of 100 |. due at the end of exwo yeares. 
| Thelame diff rence multiplyed by 20.makes 668. 47520 

"and ſubrractcd from the Log, of rco leanes 131. 52480 
the Logarithme of 21 **'* that is 21 1. 9 5, 14. and ſuch is the 
preſent worth of 1001. duc at the end of 20 yeares 2 $0 that 
this preſent worth being taken forth ofthe 109 1. principal 
debt there xemaines 78 1, 1011+. for the pre ent worth of the 
continned gaine that may be made cither of the loaue of 100 !, 
of of $1, annuity afte! 20 yeares according to the former rate . 

If aleaſe of 1001. by the ycare or ſach other yeerely pen- 
ſion were to continue for 20 yearcs, and thit ic were required 
to find the worth thereof in zeady money. This might bee 
found vpon the fame ground of continuall proportion , aud 
that ſeuera!l wayes. 

1 Itappeareth before , that 100 1. due at the yeares end 
is worth bur 92 £2 in ready money : If it be due at the end 
of 2 yeares, the preſent worth is 85 1. 22.2 then adding theſe 
two together , wee hang 1731: 326 for the preſent worth - 
JOO i. 
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I6 Thegenerall uſe of the Canon 
too, pound Annuity for 2. yeeres and fo forward. 
2 It appcareth before that the preſent worth of 8 pound 


annuity for 20 yeeres 1578 pound 5452 3 andchen it followes 
by proportion. 


As an Annuity of 8.1. 0000 090 3. 08999 
is to the worth thereof 98. 5452 1895. 11953 

992. \ 2354 
So an Annuity of 100+ 0000 200, 00000 
vnto the worth ofit g81,8147 2992403954 


3 Astheyeercly loane of 100 pound includes an Annuity 
of 8. pound, So there is a ſumme equiya'cnt to 100 pound 
Arnulty. 

This ſumme equivalent may be diminiſhed according to 
the number of yeeres as before; to the complement of the 
ſamme dimiaiihed to the ſumme equivalent ſhall be the pre- 
ſent worth of the Annuity. 


As che yeercly gaine of 8 090 J. 08999 

to the loane 0 100 2000, 00000 

So an Annuity of 100 2000. 00000 
to the ſum equiualent 1250 3096. 91001 
Then for diminiſhing of this ſum equivalent wee may 
mu'tiply the former yeerely diff: rence 33-42376 
by 20. ſo the difference for 20 yeeres 668. 47520 
taken from the logarichme of 1250 3096. 91001 
there remain-s the logar.of 268, 185 3 2428. 4348: 


whole complement to t 250. is g81. 81 47, that is 981. /,16.s, 
3.4.06, and ſuch is the preſent worth ofhoo. pound Annuity 
for 20, yecres , at the rate of 8, in 100 per annum. 

ra like rcaſon holdeth for any other rate and time pro- 
poſed. 
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Fl 
Hauing two extreme numbers giuen, to finde 4 meant 
Provortionall betweene them. 


Adde the logarithmes of the two extreme numovers the; 
one halfe of the ſumme ſhall be the logarichme of the meane 
Preportionall, 

As it che two extreme numbers giuen were 8, and 32 


The logarithme of $ 1s 0903+ 08999 
Thelogarithme of 32 1505. 14998 
The ſumme of both logarithmes * 2403. 23997 
The hal'e of this fume 1s 120.4, 11998 


the loga: ithmes of 16 : aid fuch 13 the meane propurtionall 
hcre required. 


OP. 10. 


Haking two extreme numbers ginen to find two meane- 
Proportionaus betweene them. 


In the ordinary way of Arithmetiqne we commonly mul- 
tiply the greater extreme by the 1quare of the leſſer, fo the 
Cubique root of the Product ſhall be the lefſer meane ;- then 
muitiplying the lefler mzane into the greater extreme, the 
{quare root of the Product ſhall b: the greater Meane Pro- 
portionall. Or hauing tound the lefler mcane, wee may finde 
the other meaye by continuall proportion. 

Accofdingly we may adde che logarichme of the greater 
extreme to duable the logarichme ot the Icſcr, to the third 
part of the ſuinme ſhall be the logarithms: of the lcfler meane. 
Then adding this logarithme of the leſſer men, tothe loga- 
r1chme of the greater extreme, the one halte of the ſumme 
Cccc thall 
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ſhall be the logarithme of the greater meane Proportionall. 


As ifthe two extreme numb:rs given were 8. and 27 
Adde to the logarithme of $8 wiz, 0903, ov8999 


the ſame againe 0903. 08999 
and che logarithme of 27 1471, 36356 
The lumme of chel. will be 3237 54374 
the third part ofthis ſumure 15 1079. 13125 


the logat ithme of 12. the leſſer meane Proportionall, 
Add: to this logar. of the lefler meane 1079. 18125 


the logar. ot the greacer extreme 1431436375 
The ſumme of both logar, will be 2510, 54501 
and the halfe ot thi. ſumn e 1s 1255. 27250 


the logarithme of 18, the greater of the two mcane Propor- 
tlonails here requacd, 


Or according to the ſecond manner of operation in the 
Rale ot Three, { which is the worke that I alwatcs follow 
1 the linc of numvers) we may take the difference berweene 
the lugarithmes ot the two extreme numbers , and ciu:de 
this dittcrence into three equall parts,(o the ſumine ot che lo» 
garithmes of the lefl.r extreine and 4 part ſhall be the loga» 
r11.bme of the letl:r Meane : the ſumine of this logarichme 
of the lcfler mvans and rhe ſame } part ſhall bee the loga- 
rithme ot the Greater meane Proportionall. 


So the Logirithme of 8 being 0903+ ©8999 


the Logarithme of 27 1431. 36376 
the difference betweene them 578.27377 
The third part of this difference 176,09126 
added to the Logarithme of 8. gines 1079.42125 


the L ogarithme of 1 3. the /eſſer Meare, ; 

The fame added to the Logarithme of 12. gies 1255. 
27251. the Logarithme ol 1b. the Greater Meare Fropor- 
tonall, 

And 
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And'by the fame reaſon, if it were required to find three 
Meane Pr opor tionals, we might divide the former difference 
into 4-equal! parts, and ſo forwaid. 

As if 1t-were required to finde: the firſt of eleven Meare 
Proportionals beiweent too and 108, Or (which 15 all one) 
ſup; o'e 100 pound :acreaft gin con-inuall propertion, fo as 
that by the end of 12. moneths it came co 108 pound, aud 
that it were required to fit.d what this 100 pound did grow 
vnto by the end of the fi {t monerh. 


> 


The Logarithme of the firſt exrreme 100 is 2000, 00008 


the Logacithme of the ſecond 208 22533. 42376 
the yearely diff. rence betweene them 33-42376 
The 12 part or monethly difference 2.78531 
added ro the Logarithme of 100 giues 2002, 78531 


the Logarithme of 100. 643403011 the tult of eleven mearne 
Proportionals; and the growth required, 

Then having theſe two, 1004. and 100, 643403011, toge« 
ther with 108, the laſt of the twelue, the other intermediate 
may be found by concinuall proportion as beto;c. 


This Explication of my ten former Propoſitions may ſerve 
for the frugall vic of the Table of Logarithines. Thoſe 
which require moxe may haue recourſe to that Treatiſc 
which 1s mencioned before 1n the tront of the Table, 
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CIRAYT. 11]. 


Oncerning the vie of the Zines of Siverand Tangents 

| ſhewcd 1n generall, pag.2!. how the might tcrue 

for the reſolution of all Sphzricail triangles. More 

particulariy inthe vic of my Setter (pag. 74) I re. 
duced that which is commonly re£quicd ina tpliaticall crane 
gle vnto 28 cales, And tor theic they inay be ali relolucd by 
myTables of Artificiall Sines and Tangents with ou: the heip 
of Secants or vericd Sines, 

This manner of the worke vill be alwaics {uch :s in the 
ordinary rule of Three, For, hcre we hau- thiee numbers 
giuen whereby ro find a fourth Proportional'. Ad chuaretore 

either we may adde the Logaiithmes of the (ſecond and 
thicd, and ſubtract the Logarithine of che fis{t ; 

Or we may take the d ficrence berwe. n the Loparithmes 
of the firſt and lecond, and apply that difference to the Loga» 
rithme of the third, 

The firlt of theſe waies 1s beſt for the rc folution of right 
angled Triangles where the Rats, wit. 1050, ooo 
15 one of the three numbers ginzns But tne {cond way, by 
d ftcrerices ismore conutnient for the reft. 


Thc like manner of work: may be obiirved whe! we are 


to conſider the Sines or Ta1gei's of Degrees, Minutes, and 
Seconds. Fur the Scconds, nut <xprefiid inthe Cano, will 
be found by che part proportional; as 1 will ſhow in te cx» 
amples following. 


x Ifit were required to finde the Sins of 51.97. 32'. 15”, 


I ſhould fade, 


The 
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The Sine of 51 deg. 32 9, is 939 3« 7452 
the Sine of 51 deg. 33 9. _ 9893. 8455 
the Tabular dift.rence betweene them 1003 
Then the difference betweene 32 m. and 3 3 ”. being 60 Se- 
conds, the Proportion will hold, 
As 69 Seconds wvnto I003 
SO IF. vnto 251 the part Propors 
tionall to be added vnto the Sine 51 4eg. 32 mw. 
So ſhail we have 9893. 7793+ fur the line ct 51 der, 
22,9, I5 /econas. 4; 


2 It it were required to ftinde the Degrees, Minutes and 
Seconds belonging tothis Tangent 1c099. 9782 
T ſhould finde by the Canon that this i5 ſumuyyhar more then 
the Taiigent of 51 deg, 3255, 10099. 91 34 
ic thenthe Taugent of $1 4eg, 3 3. 1, Iv1c0.1728 

The Tabular d.tfcrence betweene thefe is =» 2594 

and the proper difterer cc 1s 648 
berweene theleticr of thele Tangents, and the Tangcnt glucn 
therctorcs 

As 2594 vito 6o Sccornds, 

So 645 vito Is Ando, I findc this 
to by the Taiigent of 51 drg. 32 ms. ly ſcronds, 

3 Ifit were :£quuedto finde tite S'iic velonoing tO tl:is 
Tangert 1ccg99. $782, 1 ſhould fi: de ths arkxe to b+ fence 
what more thea 51 gr. 32m. 2nd the ſine corrietmorident 
ſomewhat mere then $893. 7452. then thing out the difs 
fcrenccs a before, I firde that 

As the Tabu'ar C1ff. ence of Tange, 2594 


3413-9700 
15 tothe proper d ttcre: ice 64% 


2811. 5750 
___ G02, 3950 


So the Tabular digerence cf Sincs 1003 300l. 3009 


to the part Proportionall 251 2 198.9059 
This part propoit. added vnto the former Sine, 5893745 2. 
Cccc 3 ULLS 
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22 " I The generall uofe of the Canon 


ives 98 oz for the ſigne required. 

5 Theſe is conlidcred I come x. the 28 Caſes before 
mentioned wherein I ſet downe a Canon and an Fxamp'e for 
each caſe , and th.ſe for the moſt part the lame which | vicd 
before. oF 

Thoſe which haue no further vſc, but of degrees and mi- 
nutes may take that ſine or Tangent, which they find to be 
next inthe Canon , and negle the ſeconds. 


IN ARECTANGLE TRIANGLE 


1 To finde a ſide by knowing the Baſe and the 
Angle oppoſite to the inquired ſide. 


As in the ReRangle tr.aanglc 
A CB whercin A ſtands for the 
zquinoQiall point 5 A B,anarke 
of che Ecliptique repreſenting 
the Longitude of the Sunne un 
the beginning of 5; BC anarke 
of the Declination from rhe Sua 
to the zquator ; and A Can arke 
of che Aquator repreſenting the right aſcenſion of the ſunne 
in B: Knowing the Baſe A :3 to be 30 gr. and tie Arge B 
AC 23 gr. 31 w. 30”, if it were required to ti1d the fide 
BC DMS 

As the Radius the fine of 90. ©. 0, I0000, 0000 


is.ro the ſine of the Baſe 30.0.0 9698. 9790 
So the fine of the oppoſite angle, 73. 31. 30, 9601. 1352 


to the ſine ofthe fide required 21. 30. 43, 19300. 1052 


And fo writing the ſine 96or 1352 in 3 paper by it ſelfe 
and holding ic to the (ine of the Baſe in the Canon t. gr.2 ,3,4, 
5, and ſo forward, it would be no long worke to mu the 
umine 


ry : 
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ſamme in a columne by it ſelfe , and ſo find the Declination 
for each degree and Minute of the Ecliptique. 


2. To finde a fide by knowing the Baſe and 
the other ſade. 


< 


As in the ReAzngle ACB hauing AB 3o gr. and BC 
1187,3099,43” $,to finde the ide A C. 


As the coſine of the fide ginen 11. 30, 43. 9991. 1740 
is to the Radny 90. ©. ©. 10900, 0c0 
$o the coline of the Baſe 30. ©. O. 9937. 5306 


to the coſine of the ſide required, 27. 53. 43+ 99.46. 3566 


3. To findea ſide by knowing the two 
oblique Anzles, 


As inthe Retangle ACB, having CAB for the firſt 
Angle 23 gr. 31 m, 30 $.and ABC torthe ſecond 69 27, 20 
m, 35 S:to findthe ſid: A C. 

As the fine otthe next angie 23.31.30 9601.1352 

isto the Radms 99. 0.0, 10000, 0000 

So the coline of the oppoſite angle 69. 20. 35. 9547-4918 


to the coſine of the ſide required. 27.5 3- 43+ 9946. 3 566 


4 To finae the BASE by know- 
ing beth the (des. 


. As inthe ReRangle ACB having AC 27 53 ”. 43” 
andB C, 11 gr, 30m. 43S: to findthe Baſe A B, 


As 


"xx. 4 ore 
_ 


% 
 SaRITT A 
—_— 
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As the Radins. 90. Os Os I 0000. 0000 
to the coſine of the one ſide 27.53. 43» 9946. 3566 
So the coſinc of the other fide. 11, 30. 43. 9991. 1640 
to the coſine of the Baſe 30s O. Os 9937+ 5306 


& To finde the BASE by knywing one 
fide and the -ngle oppoſite 
to that [i/e, 


As if in the former trianglo A C B we draw B D an Arke 
of the Horizon for the Latitude of 5 1 vr. 30m. reputing the 
amplitude of che Sunnes riſing tron the Eaſt , we ſhall hauz 
two Triangles more, one retingle B CD, the other obli- 
quadrangled ABD. Ando, in the Retang'c D CB, hi- 
uing BC 11 gr, 309.434 and BDC 33 gr. 3ow. if it 
were required , to find the Bale DB, 


As the finc ofthe Angie 38 30 © 9794. 1495 
ro the ſine of the lide IT 50 43 9300. Ic53 
So1s the Rad 990 © © 10000, 0000 


to the line of the Balc 18 41 56 9595. 9556 


6 lo finde an Angle by knowing the other 
oblique angle, and the ſide oppoſite 


to the anzle requires, 


A: inthe ReftangleACB, hauing B AC, 23 or. 31 m. 
30 "X and A + 27 Fr, C3 meg s.to hnd the angle A B C.} 


As the Rad: 00 © © T0000, 0000 


to the linz of the angle giuen 23 31 30 9601, 1352 


So the coſine of the (fide 27 53 43 9946. 3566 
to the coſine of the angle required 69 20 35 19547. 4918 
7 To 


Fr bane coodleamace i423 > 


ue >: 


ITS EC baron enrdeongre #45123 


PR > 


7 To finde an angle by knowing the other * 
oblique angle, and the ſide oppoſite 
to the angle 'ginen. 


As inthe Reftangle ACB hauing BAC 23 gr. Tx 
39/.and BC114 30m. 43 /, to finde the angle A B C. 


As the coſine of the (ide 1130 43 9991.1740 
to the coſine of the angle giuen 23. 31 30 g962. 3153 
So 1s the Reade 90 © © 10000. 0000 


tothe ſine of the angle required 69 20 35 9971. 1413 


8 To find an angle by knowing the Baſe, | 
and the ſide oppoſite to the 


angle required. 


As inthe ReQtangle B CD hauing B D 18 gr.41 ». 56 /- 
and B C 11 gr,z3099.43 /.to hnd the angle BD C. 
30 Te: 3016 


As the ſine of the Baſe 13 41 56 - 950g. 0000 


istothe Radins 9o © ©o 10000. 0000 

$o the fine of the oppolite ſide 21 20 43 9300. 1052 

tothe line of the angle 38 30 © 9794 1495 
SIC: «\ , t 


Theſe eight Propofitions haue beene wrought by fines a- 
lone ; the eight following require joint help of Tangents. 
8-4 


Dadd 
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9 1d fund a fade, by knowing the other fide, 
and the angle oppoſite to 
tbe fide required. 


As inthe ReAangle A CB, having AC 27 gr. 53m. 43 /. 
and BAC 23 gr. 31m, 30 /.tofind the ſide B C, 


As the Radins 90 O O 10000. 000@ 


to the ſine of the ſide giuen 27 53 43 9670.1112 
So the Tangent of the oppotite angle 23 31 36 9638. $199 
to the Tangent of the ſide required. 11 30 43 19308. 931 


10 To find a fide by knowing the other fide 
and the ahple next the 
fide required. 


As in the reQtangle BCD having BC 11 gy. 3o ». 43 /. 
and BDC 38 gr.z0m. to fiade DC, hes 


As the Tangent of the angle 38 39 © 9900. 6052 
tathe Tangent of the ſide gruen 11 30 47 9308. 9z1r 
So the Radins 90 © © 10000, 0000 


tothe (inc of the {ide required 124 $011 9408, 3259 


11 To find a fade by knowing the Baſe and 
the Angle next the ſide 


required 


As inthe reftangle A C B, having AB 30gro0 1m. andlB A C 
23 $70 31 P. 30 /. to kndethe fide A C, 
: 2 


is ak 


As 


T7 py 4 - _ ol 
Tiaanadicgy Ox *s % ener acndtcs wzwnas <9» > 
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As the Radins 00 © © 10000, 0000 
to the coſine of the angle 23 31 30. 99624'3153 
So the Tangent of the Bale zo00 0 9g761,4393 


to the Tang. of the fide required 27 5343 197323, 7546 


12a To find the Baſe by knowing both the 
oblique Angles, 


As inthe reangle AC B, hauing BAC 23 gr. 31 m, 30 /. 
ard AB C69gr.20m 35 /. tO find the Baſe A B, ' 


As the Tangent of the one angle 23 31 39 9638, 8199 
to the « otangent of the other 69 20 35 9576, 3505 


So the Recins 90 0 0 19009, poo 
tothe cofine of the baſe 390 © 9937,5306 


13 To find the Baſe, by knowing one of the 
ſides and the Angle next that ſide. 


As inthe reftangle ACB, having AC 27 gr. 53 ». 43 /+ 
and BA C, 23 gr. 31”, 30// to ind the Baſe AB, 


nz, + 4 254 
<= as 


As the cofine of the angle 233130 . 9962, 3153 
is to the Radius 90 © © 10000, 0000 
So the Tangent of the fide 27 5343 9723, 7547 
to the tangene of the baſe 39 0 0 9761,43 94 


14 To finde an 4ngle by knowing both 


the ſides, 


As in the refangle ACB, hauing AC 27gr.53 m.43 /. 
and B C 11 gr, 30m. 43 /. to fide theargle ABC, 
Dddd 2 As 
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Azthe {ine af the next ide It 30 43 _ 9300, Io52 
'  13rothe Radivs ; | $ "90. © ©: 10000, 0000 
So the tangen: of the oppoſite ſide 27 53 43 9723, 7547 

. to the tangent of the angle — 69 20 35 10423, 6495 


15. To find an angle by knowing the Baſe , 
and the ſide next the angle required. 


Asin the'reQangl: B CD, having B D 18 gr. 41 ». 56 //, and 
BC 11 gr. 30m. 43 /. to finde the angle B D C. 


'As thetangent of the Baſe 15 4156 99429,5063 
ro the tangent of the ſide 113043 9308,9211 

So, is the Rains 90 © © Too00, 0090 
to the coſine of the angle 53 0 46 9779, 4248; 


16 T0 finde an angle by knowing the Baſe 
 '- and the other oblique anole: 


As in the retangle A CB, hauing the Baſe A B 3o gr. and 
BAC 23 gr.31 m. 30 /. to find the argle BAC, 


 Asthe coſine of the Baſe 20 0 0 9937,0000 


is to the Radars go O © 10000, 0000 
So the cotangent of the angle ginen 23 31 30 1036, 1801 


tothe tange-nt of the angle required 63 20 25 10423,6495 


Theſe 1 6 cafes are all that can fall oa; ina ReAangle triangle 
thoſe which follow doc hold, 


In 


er 
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* In any Spharicall Triangle 


whatſocuer. 


#7. To finde a fide oppoſite to an angle giuen by 
knowing one ſide and two angles , the one , 
oppoſite to the fide ginen , the other, to the ſide 
required. 


As in the triangle AB D, hauing AB 30gr.BD C 38 gr.30 
».andBAD23gr.3! m.30/. tro find the fide B D , which 
here repreſenteth the amplitudes 


As the ſine of the next angle 38 30 © 9794, 1495 
tothe ſine of his oppoſite fide 30 0 © 9698, 9700 
_95+ 179% 

So the line ofthe oppoſite angle 23 31 30 9601,1352 
tothe (Ine of the {ide required a8 4156 9505,9557 


Or changing the ſite of the two middle termes 


Astheſine of the next Angle 238 30 © 9794,1495 
to the ſine ofthe oppoſite Angle 23 31 30 9601,1353 
_993. 0549 

So the ſinc of the fide gizen 20'0 o 9698, 9700 
to the (inc of the fide required 184156 9505, 9557 


And fo writing this difference 193, 0143 in a paper by ic 
ſclfe and holding it to the inc of the fide in the Canon. x, gr. 
2,3,4, 5 and fo forward, it would bee no long worke to 
ſubrra+t and write the remainder in a columne by it ſelfe, and 
ſo find the amplitude for each degree & minute of the. —_ 
Lique, Dddd 3 r. 


4.4 £ =; 
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Or, in ſtced of ſubtrafting this difference , we might firſt 
take the ſane Out of the Radzs, and then adde the comple- 
ment 28 I ſhewed before, in the generall explication of the 
Rule of Three. 


18. Tofine an Angle oppoſite toa ſide giuen by 
knowing one angle and two {ades, the one oppo- 
ſite to the angle gmen , the other to the angle 
required. 


As in the triangle Z PS repre- 
ſenting the Zenith, Pole,and Sun: 
where ZP is the complement 
of the Laritude,P S, the comple- 
ment of the declination, Z $S the 
complement of the Sunnes alti- 
tude, P Z S, the Azimuth; 
Z PS, the houre of the day 
fromthe Meridianand P S Z the 
angle of the Suns Poſition in regard of the Pole and Zenith , 
hauingPZS,13o0gr.3 m.11 /, PS 70 gr aandZs$S 4qo gr. 
to ., þ the angle ZPS. 


As the ſine of the next ſide ooo 9972, 9858 
is to the (ine of his oppoſite angle 130 z it 9883, 915 3 
_39, 0705 

So the (ine of the oppoſite ſide 40 © o 9808 0675 


to the (inc of the angle required 431 3426 9718, 9970 


19 To find an Angle by knoving the 
three ſiddes. 


As inthe triangle Z PS, hauing Z P 38 gr. 3o mw. PS 70 


gr. and Z $ o gr,to fiadethe ang'c Z PS , ſubtcnding the 
Bale ZS, h 


As 


þ | 
: 
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As the ReQtangle contained vnder the fines of the fides 
1s tothe ſquare of the Rage : 

So the Reangle contained vnder the fines of the halfe- 
ſurmme of the three ſides, and the difference berweene 
this halfe-ſumme and the Vaſc, 

to the Square of the coſine of halte the angle required. 


The Baſe ſubtended is 40 Gr. o Ali, 
The two ſides including T 7 Ur ag 
the Angle 0 


— 


The ſumme ofthe 3 ſides 148. "= Wh F 
The halfte-ſumme ot theſc 3, St. -I 
The diff. between this& the Baſe 34, 15 


Here forthe Square of the Radius we take 20000. e000 
to this we adde 9983. 3805 the fine of 74 gr. 15 », and 
9750, 3579. the ſive of 34 gre, 15 m, which make 39733, 

84. 
- Then for the Reftangle of the fides we adde 9794 1495 
the fine of 38 gr. 30m. and 9972. 9858, the ſine of 70 gr. 
which make 19767.135 3. This we take onr of 3973 3.7384 
and there remaines for the Logarithme of the ſquare 19966. 
6031, the halfe thereof 9983. 3015 we finde to be th. co- 
ſine of 15. 47. 23”. Ando, the whole Angie required is 
31. 34. 26”. 

Or tor ſuch numbers as are to be ſubtracted, we may take 
them out of the Radiws, and write downe their Comple- 
ments, and then adde them together with che 1eſt, the man- 
ner of the worke incither way will be ſuch as followeth, 


T hegenerall vferfthe Canou 


4087, © 

38. 30 9794-1495 205. 8505 
70. © 9972 9858 27. 0142 
148. $0 19767.1353 

74. Is 9983 380g 0983. 3805 
34+ 15 975043579 97 50. 3579 


_20000, COCO 
39733-73384 
19966. 6031 19966,6031 
9983+ 3Olg 15.47.13", 09933. zols 
3I. 34+ 26, 


In the like manner we may finde the angle P ZS tobe 
I30 gr. 3 mis. It /econds, and the angle ZS Pio gr. 2% 
wn, 11 /econds, belts armed 


20 Tofinde a SIDE by knowinz 
the three Angles. 1.58 


If for either of the Anglesnext the fide required, we take- 
the complement to 180 gr. theſe angles will be turaed into 
ſides, and the ſides into angles, Then may the weorke bee 
the ſame, as in the former Propolition. 


 Asin the triangle Z P S, knowing the angle Z P S to be 
31, 34.26", PZS 130. 3'.n".andZgP 30. 28.11”. 
if it were required to finde the fide Z S oppoſite to the angle 
ZP$,I would take 130 3' 11” out of 180 gr. the remain- 
der will be 49 56 49 1 

Then, as if I had atriangle of 3 knowne ſides, one of 31 
34 26", another of 30 28' 11” and the third of 49 56 49” 


I would ſeeke the angle oppoſite to the firſt of theſe fides, by 
the laſt Propoſition. 


So 
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Sothe angle which is thus found would be the fide which 
1s here r-quired, | : 

Thus here the Angle oppo.is 31 34 26 _ 

the leſſer ofthe next Angles 3o 28 11 9705.0799 

the complement of the other 49 56 49' 9883-9153 

the ſumine of theſe three 111 59 25 


the halfe ſwmme $5 59 43 9918,5 490 
the diffcr, from the opp.ang e 24 25 17 9616. 4170 
the ſwnite of double the Rad and 20000,0000 


the lines of halfe tumme and difference 1s 395 34-9660 

Take hence the ſiucs of the next angles 19588. 9943 

there remaines for the {ſquare 19945-9717 

The balte whereot is the coſine 997249855 
»f 20 gr. o*'andlo the fide required, 4ogr, 099, 


The other (ſides may be fonnd in the fame ſort ; but when 
we know cither three ſides and one angle, or three angles 


and one fide, the reſt may be tound more readily by the 17 or 
18 Propolicton, 


21 Tofindea SIDE by hauing the other 
two ſides and the Anole compre- 
hended. 


This and the Proportion following are beſt reſolyed by 


reducing the oblique-angle triangles given into two Red- 
anglcs. 


4. next 
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As inthe Triangle Z P'S, hauing Z P < 
38 2r.30', PS 530.0 andZPS 31. 34 <= add \ 
26” co finde the (ide Z S. RE——I—SL 


In that we haue ZP and ZPS, wc 
may ſuppoſe a Perpendicular ZR to be 
It downe from the angle at Z vpon the 
greater ſide PS* So if ZPS the angle 
gluen be leſle then gogy. it will fall 
within the triangle ; if more then 90 gr- \ 

It will fall without the triangle, vpon the Ma, 
ſide produced, and diuide the triangle 
giucn into ewo ReQ-angles ZR S and 


ZRP., W herein 
z We may finde the quantity of this | 


Perpendicular by the firſt Propoſition of )) 
Sphzricall | riangless - Ry 

8 Wee may finde the fide PR eicthcr 
by the ſecond or tenth, or rather by the 
eleventh Propoſition; which fide PR 
will giue the (ideRS. hs 

3 Hauirg ZR and RS, wee may 
find the baſe Z $ by the fourth Propoſition, as I ſhew in the 
vic of the Setor, page 86, 

Bur here for varicty, I will ſhew how the ſame may b:e 
done of two opperations, both in this and the reſt of the 
caſes following, without knowing the quantity of the Per- 
pendicu'ar. 


1 As the Radits or fineof ZRP go.o'o' 10000, oor 


tothe coſine of the ang-ZP R 31. 34 26 9930. 4223 
So the Tangent of the fide ZÞP 38.390 © g900,6051 


tothe tangent ofthearkePR 34. 7 30 19831.0275 


» Asthe colineof PR 34+ 7 30 9917,9242 


to 
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to the coſine of ZP 38,300 9993. 5443 
——— 

So thecolſine of RS 35.5239 9g90$.6438 
ro the coline of Z5 40. © © 9884. 2529 


22 Tofindea SID E by knowing the other 
two ſides and one angle next the ſide | 
required. 
As inthe triangle Z P 5 having ZP, 38. 3o' and ZS 49 
gr .o'and ZPS, 31. 34 26" to find che fide PS. 
: Find the arke ÞP R by the 11 Propoſition as before, 


2 As thecofineof Þ Z 38. z0' of 9393-5443. 
tothe coſine of P R 34+ 7 30 9917. 9342 
24-3899 

So the coſine of Z S 40. 0 © 9884. 2539 
tothe coſine of SR 35- 52 30 9908. 6438 


23 To finae a SID E by knowing one ſide 
and the two Angles next the Side 
required. 
As inthe triangle ZP $ having ZP 3% ow ZPS, 21 
34m- 26 /c, and ZPS 30. 28 m. 11 /e. to finde the 


ſide PS, 
1 Finde thearke PR as before, 


2 AsSthetangentof ZSP yo. 28 11 9769. 6236 
to the tangent of ZAS 31. 34 26 9788, 5746 
18. 9510 


« So the ſine of PR 34. 7 30 9748. 9617 


Eecce 2 


to the ſine of & R 35- 52 30 9767. 9127 
24 To 
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24 ofinde a Side by knowing two angles, and 
the Side incloſed by them, 


As inthe triangle Z Þ $ hauing ZP 38 3ow. ZPS gu 
34 mm. 26/7,a0nd PZS 130 3m, 11 /ec, tofindche fide 2 $ 


: A the cofine of EZ 35 320' o' 9893. 5443 
is to the Razims "SO © O 10000. 0000 

So the cotarg-neof ZPS 31 34 :6 10211,4253 
tothe tangentok PZR 64 18 59 10317.8810 


44 


2 As the coſine of SZR G5 44 2: 9613,7228 
to the Coline of PZR G4 18 59 _9636,9311 

___ 23,2083 

So the tangentof PZ 38 39 © 9900,6052 
to the tangentot £2Z$S 40. o © 9923,8135 


25 To finde an angle by knoyving the other tyyo 
Angles ani the /ade incloſed by them. 


As in the triangle ZP?S having ZP 38 30”. ZPS 
31 34 ”n. 26/e. and PZS 130 3.11 (. to findc the at- 
le £ SP. 

1 Findetheavgle PZ R by the 16 Propefi:ion at defore. 


2 A+:the fneof PZR &E4.18 50 9954. $122 
tothe lineof SZR 6g. 44 21 9959: $453 
$. 033+ 
So the ccfineof ZÞPS 31. 34 26 9939. 4223 
to the cofing of ZSP Zo. a8 11 9935-4554, 


26 Teo 
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26 To finds an anole by krywing the other tyv6 
Angoles and one fa le next the angle required. 


Asin the triangle Z7'S, hauing ZP 38. 3om. ZPS, Ft 
31 gr. 34mm, 26/c. "and ZSP Jo, 23m, 11 /e. to finde thc t 
; angle PZS. Ph 
i Findetheangle P ZR as before. By 


2 Asthe coſine of ZPS 31. 34 26 993044223 


to the coſine of ZSP 30. 28 11 9935-45 54 
je 0331 
So the tie of PTR G4. 18 50 9954. $122 


tothe ſ11c of STR G5. 44 21 9959. 8453 


27 To finde an Angle by knowing tyyo ſides and 


the angle contained by them, 


As inthetriangle Z PS, having Z P 33.30w.PS 70 5r, 
andZPS, 31. 34m, 16 ſe. to finde the angle Z SP. 
r Fudetheatke P & as before, 


2 Astheſine of SR 35. 52' 3o' 9967.9:27 
to the ſince of PR 34 7 30 9748.9617 
18. 9510 


Jo the tangent of ZPS 31. 34 26 9788.5746 
tothe tangent of ZS 7 39, 38 11 9 769.6236 


Ecce 3 
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28 To finde an angle by knovving the tyvo next 
{ides, andone of the other angles. 


Asin the triangle Z PS hauing ZP 38. 30m. ZS 4ogr, 
ard ZPS 31.34.26 /7, to findethcangle Þ ZS. 


1 Findetheangle PZR, as before. 


2 As thetangentof @ZS 40 © Oo 9923.8135 
to the rangent of ZP. 38. 3o © 99 00.6052 


So the colineof PZR GqaiSo 9636.9:11 
to thecofineof SZR *'65.44 21 9613.7228 


Theſe 28 Caſes are thoſe which I ſet downe in the vie of 
the Sefor, and all that are commonly required in a ſphzricall 
eriangle. 1 will here adde two more , to ſhew how that 
which is found before, by the 22. 23+ 26 and 28. Propolitis 
ons may ſometimes be found more eaſily. viz, 


29 To finde a Side by knoyving the other tyvo 
Sides and their oppoſite angles. 


As in thetriangle Z P'S. hauing PS yogr.andPZ'S 130 
3 9. 11/e. cogerher with Z S gogr.andZPS 31. 34m. 26/. 
to finde the third tide Z P. 


As the (ine of halfe the difference of the angles giuen, 
to the fine of halfe the ſumme of thoſe angles: 

Sothe tangent of halfe the difference of the (des giuen, 
to the tangent of bale the ſide required, 


30 To 


and Table of Logerithmes, 39 


30 Tofindean Angle by knowing the other two angles, 
and theiy oppoſite fades, 


As in thetriangle Z P'S, hauing the former parts PS,PZS, Fl $ 
Z$S andZ PS,rto tinde the third angle Z SP, | 


As the fine of halfe the difference of the ſides giuen, j + 
tothe line of halfe the ſumme of thoſe ſides; Bb; 

So the tangent of halte the diftercnce of the angles giuen, "3 
to the cotangent of halfe the anglerequired. 


— — 
—— — A r—_ 


GH AF. l11L 


$ines and tangents, I ſhewed how they might ſerue 
for the reſolution of right lined Triangles, whereof I 
ſet downe fiue propoſitions, page 24. Andtheſ: alſo 
may be applyed to the Table and Canon of Logarithmes, 
The ſides of theſe triangles are meaſured by abſolute num- 
bers, and fo repreſented by Logarithmes, 
The angles arc meaſurcd by degrees and minutes, and foto 
be found by fines and tangents in the Canon. 


GOO the ioyne vſe of the Lines of Numbers, 


"'P he emneral vſe of the Canen 
PARE L 


Fauine three Angles , and one ſide to finde the 
other two SIDES. 


If it be a :<Rangle triangle, whefe@n one !icle about the 
right angle being knowne, it were required oncly to tinde 
the other , this might bee readily done by Sings and 
Tangents, As inthe reQtangle AIB, knowing the angie 
B Altobe 43.20, 2nd the ſide AI tobe 244, it tt were re- 
quired to finde the other fide ATI. 


As the Radius (the tangentof} 45 gr. 099. 10000, 0000 
is to the tangent oftheangle 43 20 9974+ 7195 
So isthe [ide ginen Al 244, 2387-3898 
co the (ide required BI 230. = 12362,1093 


But where both the other ſides are required it is beſt 
done by Logarithmes and Sines, As 1n the fame reRangle 
A l B, hauing the 3 anglesand the fide A 1, to fide both B I 
and A B. 


As the ſine of the oppoliteangle ABI 46. 40 9861,7575 


is co the (ide giuen Al 244. 000 2387.3898 
7474-3677 

So the ſine of the ſecond angle BAI 43. 20' 98:6.4770 
to his oppoſi.c {ide BI 230, 22 2362,1093 
As the fine of the thirdangle AIB 90. © 10000.0000 
to his oppoſite lide AB 335-2 32525.6323 


The 


199 5 241 1 E INS 


The like holdeth alſo in obliqu-angled triangles; 

As inthe Triangle ABD (which I propoſed page 13. as 
en example for the finding of diſtances) where knowing the 
diſtance between Aand D,to be 100 paces; theangle BAC to 
be 43- 20, the angle BDA 122, or the outward angle 
BDC, 58 gr. and conſequently the angle A B D oppoſite 
to AD theſideginen to be 14. 40 =. it was required to find 
the diſtances ABand D B. 
Gr. M, 


l 
As the fine of the oppoſiteangle ABD 14 40 9403-4554 
is to the ſide given AD 100. 2000,0000 
749344554 
So the fine of the ſecond angle ADB 58. o' 9928.4204 
to his oppoſite ſide AB 334-2? 2524-9650 
And the fine ofthe third angle DAB 43. 20' 9836,4770 
- to his oppolite tide DB 27,4 24330216 


Frff ; PROD, 


'Thegemerall vſe of the Canarw 
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Having two ſides and one angle oppoſite to either of 
thoſe /ides to find the other two angles 
and the third ſide. 


As in the triangle ABD , hauingthe two ſides AB 335 
paces and A D 100 paces, and knowing the angle ADB 
which oppoſiteto the fide A B, to be 122 gr.or the outward 
angle B DC to be 58 gr. if it were required to find the other 
ewo angles ar Aand B , and the third fide B D. 1 may firſt 
hnd an angle A B D oppoſite to the other knowne ide AD, 


As the oppoſite ſide AB 335— 25$25,0448 
co the fine of theangle giuen ADB $3. © 9928, 4204 
74931 3756 

$9 1s the next ſide AD 1Too= 2000, 0000 


to the fine of his opp. angle ABD 14.595; 9403, 3756 


Then knowing theſe two angles at D and B, I rake the in- 
ward angle ABD 14 59' 50” /.our of the outward angle BDC 
58 &' and ſo find the thrid anzle BAD, to bee 43 20 ro /, 
So hauing chree angles, and 2 tides 1 may well nd the :hi:d 
ide BD by the former Proportion, 


As the fine of the frit angie ADB 58 9, 099, 9958, 4254 
1s co his oppolite 11% KB 3359 = 2525, 04438 

M sf / f - iy b} _ 

-—_ 4 * -y - 

; i 4; ya 4 v 
$0 the fine 0: the laſt angi2z DAB 43.20 ! 983+, $032 
to his oppoſite de TÞ-291 2 2433, 1277 


'PROP, 


andDuble of Logivithneess. 
EA QOP. ib 


Fianing two ſides and the anole betweene them to 
_ 7 . 
finde the other two anoles and the third ide. 


'fthe angle contcined betrycene the two lides given bee a 
right angle,the 6ther two angies will be found readily by ran- 
gents and Logarithmes. As in therectangle A IB hauingthe 
fide A1 244 and the ſide 1 B to find che angies at A and B, - 


AS the greater tide Ai 244 2337, 3998 


1s to the lefler fide IB 230 2361, 79278 
$5 the Raatas the tangent of 45 £7,.0' 10900,0000 


EE Em 


to the tangent of the leſter angle 43 183 9974, 3380 


But if ir be an oblique angle that 1s conteined betweene the 
ewo (ides giuen,the triangle maybe reduced into tio retains 
gletriangles, and then reſolucd as bcfore, 

As, inthe triangle A D B, hauing the ſides AB 335 AD, 
x0 and the avgle B A Þ 43 20', to findethe angics at B and 
D, and the third fide B D. Firſt , I would ſuppotc a perpen- 
dicular D H to bee let downe from D, the end of the letler 
fide, vpon the greater ſide A B : lo ſhall I baue ewo'reRangle 
triangles DH Aand DHB. Andinthe retanple AHD), 
the angle a: A being 43 20' the other angle 2 D H yvill bt 
46. 40 by complement and with theſe arjgles and the it 
AD, | may find both A H and D H by the firſt provorti- 
el, Then taking AH our of AB, there remaines H Z 
for the fide of the Retangle D 2 B, angithgielore with this 
ſide H 2 and the other fide DH, 1 au thc angic at 
B, by.che former part of this proportion, And with thisan- 
gle and the perpendicular DY [ may fide the thitd fide 
D B,by the firlt propoſition. 

Or hauing two ſides and the argle betyyecne them , wee 
Frft a may 
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Having two ſides and one angle oppoſite to either of 
thoſe ſides to find the other two angles 
and the third ſide. 


As in the triangle ABD , hauingthe two ſides AB 335 
pacesand A D 100 paces, and knowing the angle ADB 
which oppoſite to the fide A B, to be 122 gr. or the outward 
angle B DC to be 58 gy. if it were required to find the other 
ewo angles at Aand B , and the third ſide B D. 1 may firſt 
hnd an angle A B D oppoſite to the other knowne ide AD, 


As the oppoſite ſide AB 335 — 2525,0448 
co the ſine of the angle giuen ADB $53. © 9928, 4204 

7493 3756 

$9 1s the next ſide AD 1Too= 2000, 0000 


to the ſinc of his opp, anvgle ABD 14.59; 9403, 3756 


Then knowing theſe two angles at D and B, I take the in- 
ward angle ABD 14 59' 50” [cout of the outward angle BDC 
58 &' and ſo find the thrid anzdle BAD, to bee 43 20" 10 /, 
So hauing three angles, and 2 lides 1 may well find the :hi:d 
{ide BD by che former Proportion, 


As the fine of the firſt angie ADB 58 57. 099, 9958, 4204 
is ro his oppoſice {14: AJ 335 — 2525, 0449 

= -y- 1 

7 4 thc 0 f 

So the fine 0i the laſt ang!s DAB 43. 20 ; 983+, $033 
7 277 


to his oppoſite 1d SS 292 75 2433, 


andiPuble of Lav ivithnees.” 
TROP. Ib 


FHauing two ſides and the anyle betweene them to 
finde the other two anoles and the third ſide. 


'fthe angle contcincd betrvcene the two lides given bee a 
right angle,the other two angjies will be found readily by ran- 
gents and Logarithmes. As intherectangle A TB hauingthe 
tide AI 244 and the ſide 1 B to find the angles at Aand B, 


As the greater tide Al 244 2337, 3998 


15 to the lcfler fide IB 230 2361, 9278 
$9 the Radars the ta!lgent of 45 Ir, oO 1 ©000,0C000 


> OS — 


to the tangent of the lefler angle 43 183 9974, 3330 


But if it be at) oblique angle that is conteined betweene the 
ewo ſides giuen,the triangle may be reduced 1nto to reftane 
gle triangles, and then refolucd as b<forc, 

As, in thc triangle A D B, hauing the ſides AB 335 AD, 
xo and the avgle B A Þ 43 20', to findethe angles at B and 
D, and the third fide B D. Firſt , I we u!d ſuppolc a perpen- 
dicular D H to bee let downe from D , the end of the leiler 
ſide, vpon the greater fide A B : {o ſhall I batie ewo'reRangle 
triangles DH Aand DHB., Andinthe refangie AH 
the angle a: A being 43 2O' the other angle 2f D H vill bt 
46. 40' by complement and with theſe arigles and the it 
AD, I may find both A H and D H by the firſt proporci- 
el. Then taking AH out of AB, there remaines H 2B 
for the ſide ofthe Reangle D 2 B, angthgietore wth this 
fide HB and the other fide D HL may_fiude the angic ac 
BZ, by be former part of this pgopoztion. And with thisan- 
gle and the perpendicular DY I may fitde the third fide 
D B,by the firſt propoſition, 

Or hauing two ſides and the argle betyyecne them , wee 
Frft z may 
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44 The generall oft of thi Caneu 
may finde the other rwo angles without letting downe any 
icular, in this manner. 
As the ſumme of the two fides giuen 
is to the difference of thuſe ſides 
So the tangent of halfe the ſum of the rwo oppofiteſan- 
gles to the tangent of halfe the difference berweene 


tholc gngles, 
So here hauing the (ide AB 339 
and the other fide AD 100 
the ſumme of theſe ſides is 435 2638, 4892 
and the difference of theſe fides 235. 2371, 9678 
The angle conteined B A D is 43 20' 267,4214 
the ſumme of the two oppoſite angles 136 40' 
the haltc ſumme of theſe angles 68 20 10400,9092 


and by proportionand halfe difference 5 3 40; r01 33,4878 
This halte ſam & halte differece mak 122 0; the greater angle 
and the difference berweene chem 14 19: the leſſer angle 


PROP; IV. 
Hauing'three ſides , to finde the three angles, 


Let one of the three ſides giuk{be the Bale , { bur rather 
the greater ſide ) that the perpendicular may fall within the 
triangle. Then gather the ſumme and the difference of the 
two ſides, andthe proportion will hold, 


As the Baſe of the Triangle 
to the ſumme ot the fides 
$o the difference of the ſides 
to the alternate Baſe. This alternate 
Baſe being taken forth ofthe true baſe , if wee ler downe a 


| icular from the oppofite angle , it ſhal) fall ypon the 
ar] oro As in the triangle ADB, oa 


. 
. 4 


and Tbleof Logerthmes, © 
The leffer fide is AD 100 | 
The other ide BD 271 
The Baſe of the triangle «1B 335 2525, 0443 
The ſurmme of the fi 37* 256g, =_ 
443 3291 


The difference betweene theſe ſides nr7t 2232, 995 
and fo the alrernate Baſe is 189 Ls 2377, 3252 
This taken out of 335 leaues 145 £4 
the halfe whereof 15 72 $12. And ſuch 
isthe ſegment 4A H, the diſtance betwcene the angle at «£ 
and the ndicular D H, So that hauing drawne this per- 
Tat 4. wee haue two reRangle criangles D H <A and 
HB in which hauing two fides and the right angle , wee 
may find the other angles by the ſecond propoſition. 


Theſe foure propoſitions may ſuffice for the reſolution of 
the ſides and angles in all right lined Triapgles. 


EAPOP. V. 


Hauing the Baſe and Perpendicular in a right-li- 
ned Triangle, to finde the ſuper ficiall content. 


The perpendicular may bee found, by one or other of the 
former propoſition S, and thar beiag known we may find the 
ſuperficzall content. As inthe Triangle ADB, having the 
Baſe AB 335, andthe perpendicular D H 68. 545. 


As the number of 2 0301, 0700 
to the perpendicular 68, 545 1835. 9757 
1534, 9457 

$o the Baſe 335 2525, 0448 
to the content 11 qt 2 4959, 99095 


Ffff 3 Or, 


- 45 The geverallvſc the.C1nee | 
Or,if we wontd find thecontent without knowing the per: 


pendicular, we may put two or More operations into one, ag 
inthe proportion following. 


PROP. VI. 


Haning t'#0 fides of a right lined Triangle, and.the 
anzle betweene them , to find the content. 


Adde the ſine of the Angle, and the Logarithmes of both the 
ſides, from the ſumme of theſe ſubrrat —— 10301, 0300 
{o the Remainder ſhall be the Logarithme of the content. 

As, inthe triangle A D B, hauing che ſides AB 335, AD 
i100, andthe angle BAD 43 £7, 20 


The (ine of the angle 43 27-20 m.1s 9336,4770 
the Logarithme of the ſidc AB 3 1 2525, 0448 


the Logarithme of the ſide AD 10 2000, 0000 


The ſumme of theſe make | 14361,5218 
from which ſubtra the ſolemnc Logarichme 10301, 0300 


_ 


the Remainder will be 4060, 4908 
the Logarithme of 11494 the content required, 


PRO 2. VIL 


Haning three Angles, and one {ide of a right-lined 
Triangle , to finde the content, 


Adde the double of the Logarithme of the fide giuen, ard the 
ſines of the two nextangles ; fram the ſumme of thete fuv- 
tratthe ſumme of 10301, 0300, and the ſine of che oppolite 
angle , fothe Remainder ſhall bee the Logarithme of the con- 
tent, 
LOG As 


— 


As inthe Triangle ADB ſuppoſing the angles BAC to he 
34 D.*20 wm, BD A122 D.om ABD 14 vr, 40m; 
and the fide A D to be 100 parts, 

The Logarthme of the fide A C 100 iS. 2000,G000 


the ſame againe 2600, 0000 
The fine of the angle B A C 43 2r. 20% 9836, 4770 
The fine of the angle BD A 58 o 9928, 4204 
The ſumme of theſe foure make 23764, 8974 
Againe if we adde the ſolemne Logarithme 16321, 0300 

tothe ſincof theoppoſiteangle 14 gr. 40' 94534455, 
The ſumme of both will make 19704, 485.4 


W hich ſubtracted from 2376 4- 8974 lcanc 406o, 4129 
the Logarithine of 11492 the content required. 


EROP. Vi 


Having the third ſides of arightslined triangle, 
to finde the content. 


Firſt ſet downe the three (ides,, the ſumme of them , and the 
- ha!fe fumme. Then from this halte-fſumme ſubtract exc) (ide 
teucral'y , and notethe differences, That done, ade the Lo 

. : OY , 1d l Co Mifforannoce et F 
garithmes of the halte-ſumme, and thetic diftcre:ces, tie haite 
thereof ſhall be the Logar:thine of the content, 


T hus 11 the triangle ADs 339 
AD Be rec hear DT 271 

AD. IC OS 
the ſumme of thele {i.!cs !; 7o5 
the halte ſumme 253 2547, 7747 
the difference from A B 19 1255, 2725 
the difference from D B $2 013, $438 
the difference from A D 203 2403, 1205 
The ſumme of their Logaruthmes $119, 9815 
and the halfe thereof is 4059, 99097 


the Logarithme of 11481 22 the content required, 
PROP. 


af # Table of  Looarithme. 45 
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PROP. IXx. 
Faking the three ſides of a right-lined triangle | | 
E to finde the Perpendicular. 


As, in the former triangle AD B, to finde the perpendicular 
DH. Firſt , find the content of the Triangle by the former 
proportion , then may the perpendicular bee found by the 
conuerſc ofthe V. Propoſition, 


As the Baſe of the triangle 33s 2525, 0448 
to the ſaperficiall content. r1g8r 2 4059, 9907 
1534, 9459 
So alwayes the number of 2 0301, 0300 
to the perpendicular 68 £4£ 1$35,9759 
"PDP. XK. 
Hauing the Semidiameter of a (ircle to finde the 
(bord for any Arke propoſed. 


As if in protrating the former triangle A D B it were 
required to find length of a Chord of 43 gr. 20 mw. agreeing 
to the Semidiameter A E, which wee ſuppoſe to be 3 inches. 
This might be done by the firſt proportion for , if the chord 
were drawne from E to F weſhould hauea triangle E A F of 
three angles and two ſides knowne. But , more generally 
comparing the ſine of 30 gr. with the ſine of halfe, the arke 
propoſed , the proportion will hold. 

As the fine of the Semiradins 30 gr.0 m, 9698,9700 


co the Semidiamcter Wm 0477, 1312 

' 9221, 8488 

So the fine of halfe the arke 2197, 40m. 9567, 2689 
to the Chord required g 25k 0345, 4201 


So 


aud Table of Logarithmes. 49 
So that hauing drawne the line AE, ard deſcribedan occult 
arke of a Circle vpon the center A, and ſerwidiameter AE at 
the diſtance of three inches, if we take cut two inches, and 
215 parts of 1000, and in{cribe them in'o that arke from E 
to F, the line A F ſhall makethcargic FAE tobe 43 20 mw, 
as was required. 


Thus hauing applyed that to the Canon and table of Logs» 
richmes which Ihad ſer downe before tot the generall vic of 
the lines of numbers, fincs , and cavgent , it may 2ppeare ſuih- 
ciently , that , if we obſcruc the rulcs of proportion ſer forth 
by po $- and worke by theſe Tables , we may vic addition 


inſteed of their multipligation,and ſubtraRtion inſteed of their - 


—_— and ſo apply theſe generall rules to infuure particu- 


GEHAP, IV. 


(ontaining ſome roſe of right-lined triangles , 
in the prattiſe of Fortification. 


N the late manner of Fortification the —_— care is. 
1 Thatthe angle of the Bulwarke may be cicher a right 
anple, or neere ynto it. 
” 2 Thac this angle may be defendcd from the flanqueand 


cortin on either ſide. 
3 Thatthelines ofdefenſe may not exceed the reach of a 


musket, whichis ſaid to bee xij. ſcore yards and thoſe make 
720 foot. 
4 That the depth of the flanques and bredth of the ram- 
uu be ſufficient to reſiſt a battery ;aud that may be about 1009 
oot at the ground, 
G288 Vpen 
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Ypon theſe conſiderations depend the reſt of lines and 


anples t whereof I will ſer downe ſome Propoſitions, begin- 
-ning withthat which may reſolue the works of others, 


ERD?P. 1 


Hauing the fide of a Regular Fort ,with the length 
of the Gorge , the Flanque and the Face of the 
Bulwarke,to find the reſt of the lines and angles, 


Aregular Fort isthat, which is made with cquall ſides and 
angles, cach Bulwarke like vnto other, 

Suppoſe that, by obſervation or otherwiſe we haue found , 
that in a ſquare fort , the ſide was 705 foot , the Gorge 140, 
che Flanque 100, and the Face 335 2 In a Pentagonall , hexa» 
gonall, heptagonall, as in this table, 


| Ouadr|Penrao|Hexag Heprag Oftag. | 
The fide pn eraeneg Mepre Of: 
Thegorge 190 200 | 230 
4,64 | 200 | 140 | 150 | 140 | 
e face EPF| ,..- $70 | 360 | q3o | 


900 | 950 11000 


And hat it were required to find the reſt of the lines, and 
the quantity of the angles belonging to cach_Foxt, beginning 
withthe quadrate, 


© «#1 TTTTz 119 SETTLES EINE ITED 
Ls 


Fir{t we may protradt this Fort, by making a ſquare whoſe 
fide A B ſhall bee 700 foot by the fcale: hentatc but 140 tor 
the gorge, and ſet them of trom A ynto D , and from A vn- 
to He Ar DandH raiſe 2, flanques p<rpendicular to the tides 
of the fort and tiicre pricke lowne 100 from D vnto E , and 
and from H yuto G. Thar done , take 335 out of the ſaine 
ſcale , and {ctting ore foot of the comp -flcs in the point E, 
make a') occult arke of a circle. Agatne , fertig one foote of 
the compalles in the point G., make another occult arke, 
croſſing the former in the point F; So the lies, EF, F'Q 
ſhall repreſcnt the face of ti:c Bul warke. 

Inlike manner, for the Bulwarke at B, wec may ſer of the 
gorge fromBvntoN. &c. So hauc wee diuerlc criangles , 
which may be refolucd by the firſt 3. Propoſitions of righe 
lined triangles. 4 nd the manner of it ſhall be to fer downe, 
as that the Precept may be caſi'y diſt:nguiſhed trom the ex- 
ample, and applied roany other , not onely by this canon and 
table of Logarichmes , but by thie old Canon oi,lfines and tan» 
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52 The general ofe of the Canon 
ents, and by the lines of ſiics and tangents both rpon;'the 
Stor and the croſlc- ſtaffe. aA 9M 
1 In the Reftangle A DE, hauing the (ſides AD, AE, 
we may find the angles at AandE , and the third fide AE, 
by the former part of the third Proportion of Right-lined 


As the gorge AD 140 2146, 1280 
co che Flanque DE noo 2000. ©0000 
$o the Radins 90. 0'.0” 10000. 0000 


to the the tangemtof DAE 35.32; 9853. 87:0 


Take the ancle D A E out of go gr.the complement will giue 
the angle D E A tandthen , having cwo ſides and three an- 

les,we may well find che third fide A E by the firſt Propo- 
Fcion of right-lined triangles 


As the fine of DAE 35-32; 9764. 3542 
co the (ide DE I 0@, 2000. 0000 
So the line of ADE 90.0.0” JIo000, 0009 
tothe ſide AE 19222 2235. 6458 


2 Becauſe the fort is ſuppoſed eo bee ſquare , the angle 
HAD, muſt be98 gr.andthc halfe angle CeAD 45 go 
if wee adde this angle C A D vnto the angle DAE and 
take the ſumine out of 180 gr. the remainder 99. 2;! ſhall be 
the angle ZeAF, Then in the triang'e E AF, hauing the 
angle at A,andthe two fides FE. AE, wee may finde the 
other anyles at E and F, by the [yi Pr -poſition of right-lincd 
triangles, 


As the face E F 275 2525- 0448 
ro the line of EAF 99.27} 9994. 0502 
7469. 0054 

So the line AE 172.92? 2235.6459 


co the line of AF E 309. 26; 9704 6513 
Adde 


ond Table of Logarithmes. CE] 
Adde this angle AFE tothe angle E A-F, and take the 
ſamme out of 180 gr, the Remainder TO, 6.4" thall be the alle 
IcAEF. And then we haue wo lides and three angles , to 
ade the headline A F, 


As the fine of EAF 99. 27: 9964.0502 
to the face E F 335+ 3525, 0448 
_7469. 0054 

$o the ſine of AEF go. 6.', g8384. 8958 
to the headline AF 260 2415, 8904 


3 Ifweproduce the face FE vntill ic meet the cortin in 
O ; we ſhali haue the triangle A F O: wherein , knowingthe 
ſide A F, and the three angles (for, knowing two ang'es,the 
third is alwayes knowne by complement vnto 180 gr.) wee 
may fiude the other ewo ſlides F O, AO. 


As the ſine of AOF 14.33", 48” 9400. 4548 


to the head-line AF 260 i. 2415, 8904 
6984. 5644 
So the fine of FAO 45. 0.0” 9849. 4850 
to the line FO 7324 2864. 9206 
andthe ſiawof AFO 30.26.12” y704. 6513 
to the line AQ $2342 *' 2720. 0869 


Take thegorge NB 140, outof the fide A B yoo. there re- 
maines 560 for the line A N. Take thisline A Oout of A N, 
and there remaines 35 22% for O N that part of the contin 
from whence the facc of the Bulwarke may be defended. 
db 

4 Inthetriangle AFN hauing two fides AF, AN, 
ard the angle betweene them F A N, we may finde the other 
two angles at F and N, by the later part of the third Propoſi- 
tion of right-lined triangles. | 


 Gggg 3 As 


44 The gentralloſtof the Cares; 
As the ſumme of the ſides A F, AN. 8204 2914.1050 


zs to the difference of cholc (ſides 299% 2476.3245 
So the tangent of the halfe fuamme of the - 427.7805 
Oppoſite angles at F and N. ' 22.50 9617. OLIF3 


tothe tangent of halfc the dift-rence 8. 36} 9g179,8348 
between thoſe angles. 
This halfe difference added tothe halte ſum, gines the grea- 


ter avgles : AFN 31.6", 
and ſubtraRt.d, the lefler ANF n3, 534. 

As the fine of AN E 13-53-48 yg380.5157 
to the headline A F 260 2415.8904 
6964. 62z 3 

So the Sine of FAN 44.0.0 9849. 4850 
to the line of defence FN = 767 L 2884.8597 


5 Inthe triangle ABC we haue the fide AB, andthe 3, 
angles, to finde the fide CA or CB, from the center to the 
angles of the Fort, 


As the fſincof ACB 90. O, © 10000. 0000 
to the ſide AB 700. 2845. 0980 
So the ſtneot ABC 45. 0,0 9849. 48 50 
to the line AC a494q 2694-5530 


This line A C add d to the headline AF, giveFrhe whole 
CF, tromthe cent.r of the Fort to the vttermoſt poiit of 
the Bulwark to be 755 < 

6 InthetriargſeCFL (the fide F L being parallel to 
A B the ſide of the Fort) we haue the three angles and the 
fide CF ; by which we may fide F L the diſtance between 
the points of the two next Bulwarks. 


As the finceof CLF 45. © © 9849-4850 


to the line CF 755. Tis 2878.2498 
So the line of FCL 90. 0 © 10000.0000 
to the {1ne FL 1068, 464 3028,7643 


Thus 


Thus by reſoluing of fix triangles we haue found 
The angleat the gorge DAE _. 35. 32 15” 
the angle of the Bulwark GFE Go. 52 2, 


the angle FED 104. 33 48 
the angle ANF 13. $3 48 
Foote 

Thelength of the linz AE 1272. 047 
the Headline AF 260, 5530 
the Line on the Cortin ON 35. o88 
the Line of defence FN 967. 113 
the ſemidiameter CA 494. 975 


the line fro the center to the Bulw. CF 9755, 525 
the diſtance betweene the Bulw, FL 1068, 464 the 
principall Lines and Angles belonging to the Bulwark at A. 
The reſt of the lines are either parallcl! ynto theſe, or elſe 
they may be found in the ſame manner. 
And all theſe may be vnderſtood to be the fame in thereſt 
of the Bu!warkes belonging to this Fort, 
Againe, whatis ſaid of a ſquare Fort, the ſame may be ap= 
plycd to all regula Forts, 
And fo, rcloluing the workes of other men, i: may appeare 
how iecrc hey haue come to the former grounds, 


But that wee may not altogether inGh vpon examples, I 
will ſe: downe ſome profitable fupyoli.15ms, ard tom them 
preceed to finde the reſt of the linzs aud aogl2; bcloagingto 
auy Regular Fort. 


1 Theangle at the center A CB, betweene the lincs 
CA,CB, diawnc from the Center to each Bulwarke, is 
found b, dividing 360 gr, by the number ot the fides. So in 
a ſquare Forr, this angle will be go.gr. Ina Pentagonall Fort, 
where thereare fiue {ides,it will be 72 gr.&c. 

2 Take this angle at the center, out of 180 gy, there re- 
maines the angle ofthe Fort H AD, 


3 The 
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3 Theangle ADE between the Flanque avd the Corting 
may be alway 90 7. 

4 The vtcermoſt angle of the Bulwarke E F G, muſt be 
leſſc then the angle ot the Fort, yet not lefle then 60 gr, nor 
dorh it need to be much more then go gr. If we allow it to 

2. ot the angle of the Fort, it may be defended from the 
Flanque ard Cortin on cither ſide. 

5 The angleattheGorge DAE, which formes the 
Flanque D E, may beallowed betweene 35 and qo gr. For 
in {mall regular Forts, it may be 40 gr. but where the angle 
of the Fort is great, it may be leſle. 

Theſe 5. angles being firſt ſettled, the moſt of the other 
angles will depefid ypon them, as in the Table following. 

Or howlocuer there may bee other angles found to bee 
more convenient, yet theſe are ſujicient ro explane the vic 
of triangles» 


[ Ina Regular Fort. |&-57 


| Quadr, 


Pentag, Hexag., \Heptag, \OQtag. Corun. | 
Gr, M.\Gr, M.'Gr, M.|Gr. M. Gr, M. 


Angle at the { enter ACT go 0/72 © 60 O'gl 25 45 O00 © 
Angle of the Fort H A D 90 orcs o 120 O 128 34135 0180 © 
Angle of the Flanque A D £90 0/90 090 090 o9go 0/90 © 
{Angle of the Bulwarks &G FE(60 0,72 © 8 o 8 4290 090 © 
noleof the Gorge D AE40 0139 o138 olzy 036 035 © 


he halfe of HAD is C ADN45 054 0/60 0164 27/67 30190 © 
alfe of GFE « AFE39 0.36 040 O(qz 5I|45 O4y o 
Complement of CAD uDAF135 = 01120 © 175 43/112 30/90 
AFE out of C A'D leans AOF(S O | 
Complement of AOF s OED 75 ©1723 0/70 0,68 35167 30 45 
omplement of OED #© D EF,og 0'108 © 110 &[111 26(112 30 135 


a A 


— _ — = Is 


© 
1 0/20 027 25122 30/45 © 
O 
O 


omplement of D AEis AED 50 og olg2 ol53 0/54 o'55 
E Domr of DEF leanes AE 55 057 0,58 0,58 26/ 


58 ;0'80 


i 
I 


0178 43:76 3055 1 


oO oO © 


JAE F and AFE give F AE'95 ol87 082 


11, Having 


and Table of Logarithmes, 
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Haning the ordinary avgles , with the Flanque and 
lme of Defenſe, to finde the reſt of the lines 
and an,les , in a regular Fort. 


Vppoſe the angles to be ſuch a* inthe former table , the 

depth of ric {an ue D E 1900. foot, ard the line of des» 
tenſe FN 720. tout ; and that it were required, to find the 
r<ft ot the lines and ang;c> belonging to a Pantagonall tort. 


» Tntherriangle A DE, hauing the three angles 5rd the 
flaque DE, we may tind the length of the gorge AD, and 
the bloc 4 E. The agle ADE is alway 90 gy. but,the tor: be- 
ig Yenragonal! , mad with fue Bulwarkes at the five angles, 
the ©. ble grues the angle DAE to be 39 gr. and the angle 
AED 51 gr, wheretore. 


As the fineof DAE 39.0.0” 9798. 8718 
tothe flanque DE 109% _ _ 2000. 0000 

-. JIG 

So the ſive of AED gl.o',o"' g890 5026 
tothe gorge AD 323 42 __2091. 6308 
And the whole fine ADE 90. 0.0, 10000, 0000 
to the line eAE 158 = 2201+ 1283 


2 Inthetriangle 4 FF, hauing the three angles and the 
fide AE, we may find che face of the Bulwa:ke F E , andthe 
hcad-line A F, | 
| Hhhh Ag 
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As the fine of AFE 36. 0. 0 9769.2186 
to the line | AE 158 2291,1282 
7568. 0904 

So the finc of FAE 87. 0.0 9999, 4044 
tothe face FE 269 2431-3140 
And the fine of AEF 57. O. O» _ 9923«5914 
to the head-line AF 226 225 2355. 5olo 


3 Iatherriangle AF O, hauing the threc angles and the 
fide AF, we may find the other two {ides F O and AO, 


As the finc of AOF 18. ©. ©. 9489. 5823 
to the headline AF 226 2 2355-5010 
7134-4813 

So the fine of FAO 126.0.0, 9907.4576 
to the line FO 593 « 277344763 
And the ſine of AFO 36, ©. 0, 9769.2186 
to the linc AO 431 *« 3634- 7373 


4 In the triangle AFN, haning the headline A F the 
line of defenſe FN, and the aygle F A N, wee may find the 
ethcr two angles at N and F, and the third fide A N, 


As theline of defenſes FN #720. 2857. 3325 
to the ſine of FAN 126.0.0”. 9907. 9576 
7050. 6251 

So the headline AF 2267? 2355. 5010 
to the ſine of ANF 14.45.33» 94061261 


This angle AN F added co the angle FAN, and the ſumme 
of both taken out of 180 gy. will giuethe third angle A FN. 


As the fine of FAN 126 gr. 0.0, 9907.9576 
to the linc of defenſe FN 720. 2857. 3325 

| 7050. 6251 

So the fine of AEFN 39.14 29” 9801. 1198 
totheline AN «5622. 27 50. 4927 


Hauing 


md T able of Logarithmes, 61 
Hauing thisline AN if we adde the gorge N B , or AD, the 
ſumme of both ſhall be the ſide of the fort A B. 

It wee take the gorge AD, outofthisline AN , the re> 
mathder fhall be the cortin D N. 

aine if wetake the line AO, out of this line AN, the 

remainder ſhall be O N , that part of the cortin from whence 
the face of the Bulwarke may be deferded. Ard fo here | 


The length of this line A A being 552, 98 
the gorge AD _ 123.49 
the ſide of the fort A B (ſhall b: 686, 47 
the cortin DAL 439. 49 
Againe _ the line AO 431. 26 
from AN,there remaines ON, 31.72 


5 Inthetriangle AI C, hauing the three angles, and the 
fide A 1, the one halfe of AB tbe fide of the fort, wee may 
find both O I , the ſemidiameter ofthe circle inſcribed, and 
C A, the ſemidiameter of the circle circumſcribed about the 
fort, 


As the fine of ACI 36. &'. o'. 9769,2186 
co the line Al 343= 253545915 
7233+ 6271 

So the line of "CAL $40.6; 9907. 9576 
to the line Cl 47244325, 2674-3305 
And the whole {ine CIA 90.0.0. 10000, 0000 
tothe lmnc CA 583. 9466, 2766. 3729 


Thisline CA added to the head-line A F, giues the diſtance 
CF betweene the center of the fort, and the vttermoſt poine 
of the Bulwarke. 

6 If this fort ſhall be incompaſſed with a dith, whoſe ve- 
cermoſt ſides ſhall bee parallell to the face of the Bulwarke 
ſuppoſing this ditch to be of a known bredth(and that maybe 
about 100 foot) we hane the triangle F 2 X; -wherein,know- 
ing the three angles, & ar” me 2, we may find the line FX. 

2 AS 
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As the fine FX2 26, 0.0. 976g. 2186 
to the bredth-linc F2 100, 2000, 0000 
$o the whoic (inc F2X 90.0.0, 10900, 0000 
to the line FX 170 2230. 7814 


This line FX add:d tothe line CF, giues the diſtance CE, 
betweene the center of the forc , aid the vtcermoſt corner of 
the ditch, Ando here , 


The length of the head-line AF is 22C, 72 


the 'emid'ameter CA 583. 95 
Both thele make the line CF $10, 67 © 
Adde vito this the line FX 170.13 
S»y,C A AF,F X make CX _ So 


7 Intherriangle CY X. hauing 'cthrce argl $s and he 
fide CX, we may tindethe ewo other fid:s CY andXY, 
ASthe line of CYX acls.u.o'. g978. 2063 


to the line CX 980 ©* 2991. <315 
6586, 6243 
So the fine of CEY - 36.0.0. 9769. 2186 . 
to the line C3 - 60622 2782. 5938 
And the fine KEY 36.0. 0. 9759. 22385 
es the line X Y 606 << 2782, 5938 


Take theline CI, fromthisline C Y , there remains I Y , 
the bred:h of the ditch from the middle of che cortmn. 


8 Then, forthe lines F L, X Z, and ſach other para). 

els ro the fide of the fort A B, 
As the {ſemidiameter CA $3. 95 2766,3729 
to the fide of the fort AB 6586. 47 2836, 6215 


7974. 2486 


So the length of CF 810-67 2908. $444 
to the diſtance FL 953+ 00 2979. 0930 
Ard the length of CX 980.85 2991. 5815 
tothe diſtance XZ 1152-99 3061. 8201 


9 The 
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9 ThePerpendicu'ars C3, C4, and ſuch others, let 
downe from the center vpon the former parallels may bee 


tound in the ſame forc , 


A. the ſemidiameter GC 
to the Perperi.dicular C 


So the length of C 
cothe Perp dicular C 
A :d the lengrh of C 
cothe Perpendicniar C 


583. 95 
473» 43 


810, 67 
655. 84 
980. 80 
793. 48 


2766. 372 


2674-3305 


92. 0424 


——— 


' 2908, 8444 
2816, $020 . 


2991. 5815 
2399. 5391 


to If wee take I R the bredth of the Rampart , out of 
the Perpendiouiar CI, ſuppoting the bred:h of the Ram» 
part to be 110. foote, t' ere 1 maines 3 72+ 42 tor the Verpen» 


Cicular CR. 


[t wee take out I T, the bredch of the Rampart and ſtreet 
adioiniog ( he ſtreet being luppoſed 30+ foot broad) there 3e- 
maines 342442 for tic Perpendicular CT. 


A. the Perpendicu'ar Cl 
tothe ſide of the tort AB 


So the Perpendicu'ar CR 
to the (ide of the Rampar. Q 5 


And th. Perpend cu ar CT 


472. 42 
686. 47 


372.42 
541.106 
242.42 


to the tnacr lide of the ſtreer V W 497. 57 


As the Perpendicular CI 
to the {gc midiamerer CA 


S.> the Perpendicular CR 


to the line CQ 
A'd the Perpendicular CT 
rothe line CV 
Hhhh 3 


472.42 
533-95 


372 42 
460. 34 
34% 42 

433+ 35 


— 


2534+ $622 
2699 8532 


2674+ 3305 
2766. 3729 

92,0424 
2571. 0379 
2663. 0802 
2534. 5623 
2 636, 6046 
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PREP, IL 


Hauing the ordinary angles with the line of de- 
fen/e and face of the Bulwarke , to finde 
the reſt of the lines and anoles. | 


Sg Vppoſe a long cortin to be fortified with Bulwarkes , the 
angle of each Bulwarke to bee go gr. the angle at the 
gorge torming the flanque z5 gr. the reſt, as inthe ſenate ta» 
ble, theline of defenſe, 720 toote , and the face of the Bul- 
warke 300 foote. 


x Inthe triangle AE F, hauing the three angles and the 
_y E, wee may fade the headline AF, and the line 
1 


AS 
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As the fine of RBAE $5.0,0., 9913. 3645 
to the face FE 300» 2477-11212 
7436. 2433 
So the fine of ' AEF $80.00. 9993:3514 
to the head-line AF 360, 668" 2557. rog1 
And the fine of AFE 45. 0. 0 9549. 4850 
co the line AE 258. 965 2413, 2417 
2 Inthetriangle A DE haing the three __ and the 
line AE, we may find both the flanque D E, and the gorge 
&# B-- <7 
As the fine of ADE 90. | O« O« TOOON. ©OOO 
tothe hinc AE 258. g6. 2413, 2417 
7586, 7583 
$o the ſine of DAE 35.0.0 9758. 5913 
ro the flangue DE 148, 53 2171.8330 
And the fine of AED $$.0.0 991 3» 3645 
tothe gorge AD 212. 132 2326, 6062 


3 Inthetriangle FAO, hauing the three-angles, and 
the two equall ſides A F, A O, | we may finde the length of 
of F O, the face produced vnto the contin. 


Asthe fine of AOF 45-0. o” 9849. 4850 
to the headline AF 360. 66 2557. 1081 
So the whole ſineof FAO go-o. 0 10000, 0000 
to the face produced F O 510, 2707. 6231 


4 Intbetriangle FAN, having the headline AF, the 
line of defenſe F N, and theright angle FAN , wee may 
_ the other two angles at F and N, and the third fide 


As 
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; the who'e fine of F AN 90. 0. oO 10005.0000 
- - $> the beadane AF 360. 66 2557. 1081 


to the fine of ANF 309. 33x 9699.7756 


As the fine of FAN 90. © © to0000.0-00 
totheli: c EN 920. :857. 3325 
So the tine of A'N 5 ys $65 9937 2735 
to the line AN 623. i697 2794. G060 


Hauing the line A N, if weadde the Gorge N B, or AD, 
the ſumme ot both ſhall be chc liic A B or FL, the diltance 
but wcene both Bulwarks. 

If we take i he Gorge A © out of this line A N, the remain- 
der (hall be the Coriun DN. 

Againe, if we rake heiine AO cut of this line A N, the 
r:mainder ſhall be O NI, chat part at rh- cortty from whence 
the face of th: Bulwatk'mzy be defend d. 


Thus the Im!1thof AN being 623 16g, 
- theGarge NB, or AD 212,132 
thediftance FL or ABS ſhall be 835.321 
the Cor:in, DN... 41.037 
Acaine raking the line A O 360, 668 
from .\ N, there remaine O N 262, 501 


PR'O P. 


and Table of Logarithmes, 
PROP. III. 


Having the Angles of an irregular Fort, with the 
fide betweene them, and the face of the Bul- 
wark, to find the reſt of the Lines 

and Angles. 


Suppoſe the angles of an old walled Towne were to bee 

fortified with new Bulwarks. The angles of the Bulwarke 
to be either 4+ of the angle at the wall, or (if 3. of the angle 
be more then g0gr-Jie may ſuffice, that they be 90 gr. The 
Flanques perpendicular to the Cortin, to be formed by an an- 
gle berweene 35 and 40 gr. as ſhall be found more conueni- 
ent. Andthe face of each Bulwarke to be 300 foot. 
) Let the angle at A be 126 grathen may E FG, the angle of 
the Bulwark be 84 gr. and the angle D AE may be allowed 
to be 38 gr. Lerthe angleat B be 140 gr. then becauſe I, of 
this angle arc aboue 93 gr the angle of this Bulwarke may 
well be go gr.and the angle atthe Gorge NB M. 36 gr. And 
let A B, the diſtance berweene theſe angles be 750 foot. 

In regular Forts the Bulwarkes may be made one like the 
other, to the head-lines being produced will all mcet in the 
famecenter. In irregular (ſuch as this) there ill bee ſome 
difference, yet the wocke though ſomewhat longer will bee 
{till che ſame. 


F Art the Bulwarke A in the triangle AFE, becauſe the 
angle of the Fort HAD is 126 gr. the halfe angle QAD 
63 zr, and the angle at the Gorge D AE ſuppoſcd to be 
0 cheangle BAF will bee 79 gr. Apame the anglc 
AFE (the halfe of GFE the angle of the Bulwarke) be- 
ing 42.27. the angle AEF will be $59 gr. by comple- 
Mn, | 


Iiil As 
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As the fineof FAE 79. &« © 9991,9465 
tothe face *'FE- 30D. 2477-1213 


7514. 8253 

Sothe fineof AEF $9.0 © '9933.0656 
tothe head-line AF 261+ 963. 2418, 2403 
And cheſineof AFE qa. ©. 6 9815. 5109 
to theline AE 204.4956. 2310. 6856 


Inthe rectangle ADE the angle, at the Gorge D AE 
being 38 gr. che other avgle D EA may bee 53 gr. by 


lemeac. 
As the whole fine of AD E go, 0. 0, 10000.0000 
to the line AE 204-496 2319.6856 


7639.31 44 


EE II— —oo— — 


s So the fin: of DAE 38.0.0, 9789-3419 
to the flanque DE n115,90% 2100.0195 
And the ſineof AED 52. 0. 0” 9896,g321 
to the Gorge AD 161, 145. 2207.2177 


In like maynct at che Bulwarke F' in the triangle BLM, 
becauſethe angle of the fort is 140 gr, the balfe thereof 
SBN 7ogr. and che - leat the Gorge N B M ſuppoſed to 
be 36 gr, Nino wi'l be 74 gr. And then the an- 
ple B i M. (the halfe ofthe angle of 0 Bulwarke) bein 
45 27. the thicd angle B M L, muſt be 61 gr. by comple- 
ment, 


As the fineof AB.L 74 o', O'. 9g982.8416 
to theface ML 300. _ 2477-1213 

/ ) 7395-7204 

So the ſineof FAEL | 61. v6. © 9941 bigz 
$othe head-line B L 278.950 2436.0988 
Andchefine of BLM 43Jo0. 6, *9349.4850 
totheline BM 220. 681, 2 3437696 


| and Tablaef Logurizhmes. 


Tr 


And in the reftangk triangle BNM, allowing NB M, 
the avgle at the Gorge to be 36 gr. the other angie BM N 


muſt be 54 gr. by complement. 
| y 
As the wholeſfine BNM/| 90, ©. & 
to the line B M' 220, 681 
So the fine of NBM 36. O, © 
to the lanque NM 129. 713 
And the fineof BMN 54. ©: © 
tothe Gorge BN 178, 534 


10000.0000 
2343-7646 


7656.2355 
_7556.2354 


9769,2186 
21x2,9832 
9907,9576 
2251,7222 


3 ln the triangle AFO, taking the angle AFO 42 gr. 
out of the angle QAQ 63 FT. there remaines 21 gr, & To 


angle A OF. 


As the fine of AOF 
to the headline AF 


So the firneof AFO 
to the line AO 

And the fineof FAO 
ro the face produced F O 


21, ©', o” 
261. 963 


42. ©. © 
489. 127 
G63. ©. © 
651,316 


9554, 3291 
2418, 2493 


a 


9825, 5109 
2689, 4221 


9949, $808 
2313, 7920 


And ſo inthe liketriangle B LP, taking the angle BL P, 
45 £7- out ofthe angle $ BP 70 gy. there remaines 2 gr. 


tor the third angle B PL. 


As the fine of BPL 
to the headline BL 


So the fine of BLP 


to the line B P 
Aad the fineof LBP 
to the face produced L P 


25. O. © 
272. 960 


45+ 0,0 

456, 704 

Io. o' 0? 

606, 927 
Ttii 2 


962 5,9482 


AI 
7189, 8494 
9849, 4850 
2659, 6356 
9972, 9858 
2783, 1204 

Thus 


72 Tie general vc of the Canen 
Thus the length of the (ide eAB being j750. *? 


the length of the Gorge B N, 178, 534 
the length of the line A "$71, 466 
Take from this the line Py 439, 127 
there remaines for the line OX $2,339 
Againe taking the Gorge AD 161, 145 
out of the fide 4 ÞB there remaines B D 588,855 
Take from this the line B P 456, 704 
there remaines for the line DP i 132,151 


Take AD out of A N the cortin D-N is 410,32! 


4 Inthetriangle «LF X,, having two ſides FF, AN, 
and F A I the angle betweene them, we may Gnde the 0+ 
ther two angles at N and F, and the linc ot detence F N. 


As the ſumme of the ſides A FAN, $33. 419 2920.868, 
i ISto the difference of thaſe ſides 309. 503 2490.6536 
Sothe tangent of halfe the ſumme of the two 430. 2048 


oppoſite angles at Fand N 
to the eangent of 12. 49% 9357-1145 
the halfe difference betweene thole angles. 
This halfec difference added'to the balfe fumme giucs 
the greater angle AF'N. 44. 19;. 
and ſubtratedcheleflr ANF 18. 4p +. 


As the ſine of ANF 18.40'! 9505.5225 
tothe headline AF 261.963 2418-2403 
70872823 

So the fine of FAN 63. 0. © 9949.8808 
to the line of deſence FN 97:8.783 2862.5985 
And the fine of AFN 44+ 19} 98.44. 2725 
to the line AN $71-455 2356.9903 


And in the like triangle B D Z, having two fides BL, 
BD, and the argle berweene them L B D, we may finde the 
othcr two anglesas DandL, and the line of defence LD. 
As 


Vaud Tablejof Logarithmes.. 73 
As thefumme of BL and BD 861. 815 293g. 4135 

to the difference of thele fides 315,895 2499. 5421 
So the tangetit of halfe the ſumme of therwo 435-37'7 


oppoſite angles at L and Dz, 35-0.0. 9845-2267 
ts the tangent of 14.23-37 9409+3559 


T his halfe difference added to the halfe ſumme giues 
the greater angle BLD 49. 23" 3« 
and ſubtracted the leſſer BDI 20436. 4. 


As the ſine of BLD 29.36% 9546.4542 
to the headline BL 272.960 2436.0988 
— EET 

Sothe ſine of LBD 70. 0. © 9972-9858 
to the line of defence L D 728,838 2862,6314 
And the fine of BLD 49. 233+ 9880.3627 
tothe line BD $88,855 2770.0083 

= SAOF.Y, 


Hauing the Lines and Angles of aregular Fort, 
to frnd the content in feet and acres. 


The content of a Fort may be taken ſeuerall wayes: either 
from wi.hinthe Ramperr, or from within the outſide of the 
ditch, or elſe we may take in the Ou:-workes : And thoſe 
= be of {euerall forts, fuch as are here repreſented , or the 
ike. 

1 It weconfider the content within the Rampart, we haue 
the triargle QCS, wherein knowing the Perpendicular C R 
and the Baſe Q'S, we may finde the content of the eriangle. 
And this content multiplyed by the number of the like trian- 
_ ng tothe Fort, ſhall bee the whole content re- 
q1Ired, 

Thus, in the Pentagonalt Fort beforc deſcribed, where the 
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74 The general uſe of the Canen 
—_—_ CR was found to be in feet 372, 42. and the 


2 $ 54t« 16, 
As the ſolemne number Z, 0301.0300 
is to the Baſe Qs F4l+16 2733-3268 
2432.2968 
So the Perpendicular CR $72.42 2571.0,58 


to the content of the triangle 10077 3-25 5003.3326 
Adde(tor 5. criangles) the logarithmeof 5. o698.9700 


The content in feet comes to 503866. 5702.3026 


Then to reduce this content into acres, we may cither di- 
vide the number of feet by 43560, (the number of feer con- 
tained in an acre) or working by Logarithmes, we may ſub- 
trac this ſolemne Logarithme 4639. 08787. 

Thus, from the Logarithme of $03866.25. 5702. 3026 

ſubtra& che ſolemne Logari. of 43560, 4539.0878 


there remaines the Logarith. of 11.56, 1063.2148 
the content in acres contained within the Ramperrt, 


If it be required to finde the content of this Pentagonall 
Fort within the outward fide of the Ditch, we bauec 10 ſuch 
triangles as X (CT, wherein knowing the two fades C X, 
C 7,and the angle betweene them X CT, we may let down 
a Perpendiculer from the angleat T, vpon the Baſe C Xx; and 
then with the Perpendicular and rhe Baſe, we may finde the 
content of the triangle as before. 

Thus the fide (4 being 980. $0, the fide C T 606. 17, 
and the angle betweene them FC T7, 36. o', 0” 


1 Asthe whole ſine of 90, 0, © 10000,0000 
to the leſſer fide {7 607. 17 27825938 
So theme of MXCYT 36, ©, © 9769,2185 


ro the Perpendicular 


and Table of Logarithmes. 75 


2 ASsthe ſolemne number 2 0301,0300 7 

to the Baſe CX g80,80 2991,5819 & 
2690,5515 7 

So the Perpendicular 2551,8124 bs 
to the content of the triangle 174728,60 g$242,3639 * 13k 
Adde (for ten triangles) the Logari, of 10 1000, 0000 6. 
the content in feet comes to 1747286 6242,3639 Y 

Aeaine ſubtra& the Logarithme of 43 560 4639,0878 | 

the content in acres comes to 40, 11 1603,2761 


-- - 
. 
- Pu Y p 
- - - 44 * 
4 
\ 


By the ſame reaſon reſoluing all into triangles, wee may 
take inthe Counterſcarp, and the reſt of the Out-workes, 
Aad fo finde the content , not onely of a Regular Fort, but 
of any other piece of ground. 
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Artificiall StnEs and TANGEWTs, to 


tO a Raditcs of 10000, 0000 parts, and 
each minute of the Quadrant. 


By Ep. GunTszx Profeffor of Aſtonomie in 
Greſbars ( olledge, 
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Printed by William Honcs, for Iames Bowler, and are to be 
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HKONORATISSIMO 
DOMINO Dn. J0HANNI 
COMITI de BRIDGEWATER, 
VICECOMITI de BRACKLEY, 


BARONI de ELLESMERE, 
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Hunc ſuum Canonem 
Triaogulorum 


Epmi, GuxrzR, 
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| T he deſcription »f the (anon- | 

| tm Canon hath fix columnes. The firſt is of degrees and mi- | 

nutes,from the beginning of the Quadrant unto 45 gr. the 

{ixt of degrees aid imimits from 45 gre varo the end of rhe quas | 
drantz the othert. ure cooraine the Smes and 7 angents belong 
| ing toczch of thelcedegrees and minutes, after the manner of o- 
| ther Canons, The dittercnce is in the numbers. Fot thele Sine arc 
' not ſuctvas halte the chords ot the double arke,. nor theſe Tax- 
| genes perpeudiculars at the cadot the Diameter: but other-aum- 

; vers fubſtiuced in cheir place, for atratning the ſame end, by a 
{ more calic way, fuch as the Logaruhmes ot the Lord of Merchi» 
| ften,and thereupon | call them Arrsficsall Swmes and Tangents, So 
i che ts. cond and tourth coiumnes containe the Stres and Tangents 


— 


ot the degrees and minutes in the rſt columne:; the third and | 


| fifr containe the Sines and Tangents of the {ixt columne. 

As if it were rcquired to finde the artificiali Sine belonging to 
our latitude, which here at London is 53 gr. 32 28, you may find 
Sire 51 inthelower part of the page, and 47.32 in the ſixt co- 


the complement of this latitude, which in one word may be cal- 
led the coſine. In like maner the Tawgent of 51 gr. 32 =, will be 
found to be 1609), 91 34, and the co-rangent 9900,0865. 


ed, by taking the co-/ine out of the double of the Radius, 
Asthedouble of che Radiis being Z©000, 0200 
Take hence the co-ſine of 51 gr. 329m. 9793,8317 
The Secant of 51 gy. 32 #, will be 10206, 1683 

T he verſed Sines may atfo bee ſupplicd by adding 301,0300 
vntothe duuble of the fine of halfe the arke, and ſubtracting the 


lumne,the common angle will giue 9893, 7452 tor the Sine re-1 
quired. And inthe ſame line you haue 979 3,8317 for the Sine of 


The Secahr# (it chere-were vic of them) may eatily be fuppli- 


| 


| 


Radins, As the halfe of 51 gr. 32 1. being 25 g7. 46 m. 
Add: to the Sine of 25 gr. 46 #5 9638, 1968 
1 he ſame againe, and the former $5638, 2968 
number, ſo the Radixs being ſubrrafted, 301, 0300 


_ the verſed ſine of 51 gr. 32 #1, will bz 9577, 4236 
/ 6X A3 


V1 / SCE 4-4 ex tTe 7 FN / (EEE ED , 


#7 
/ f - " " FF 4 Ta Fa . \ # £# 7 MS Lf 


WW 4 


-- 
POET 


>» 


— 
34, 5 > 1 '3 £ Ec; 


__ "+44 FO? —_ 
# "627-0  Tan.o. , (,” L: 2 

________ ©] 10920,0007 # | = 60 
'1| 6463,726c| 9999-9999] 6463,7260| 13535,2739| 59 
'2| 6764,7560| 9999,999 ($764,756 13235,2433| 58, 
3] 6949,8473} 999949998] |6949,8474] 13959, 1325] 57 
4 7065,78»c| 9999,9997 (7065, 786; 12934, 2136| 56, 
| 5] 7162, PIN 9999-9993 '7162,6964 13337,3035| 55 
6 7241,8771] 999949993] 7241,8775| 127$5,0221| 54 
7 a 8238} 9999,9991 73923,8247 l2631,1752) 53 
g| '7366,8157] 9999,9988] 7356,8169| 12633,1331| 52 
g 7417,9681| 9999,9985| 7417,9696| 12582,0303| 51 
20] 7463,7355| 99999981 745217373] 12536,2786| 50 
Tl 7505,115c] $9999,9977 7505,1202 AS 49 
i 7542,996%4| 9999,9973| 17547,9051 12457. 0908' 48 
13 757746584] 9999 gy69| [757746715| 12422, 3284 47 
14' 7609,8529| 9999,9964 7609, $8565) 1239091434 45] 
15 7639,%160} 9999-9958 76398207 12359,1798| 45 
16, 76578445 9999 9933 nay $492 1233 20507 44 
17 709411733 9999.9947 94,1785; 12305 8214] 43 
18 7718,9966| 9999,9940| [7718,0026| 12281,9974| 42 
9, 774*14775 9999,9933] [7742,4341] 12257,5156| 41 
20] 7764,7535 9999,9986] 754.7610) 13235,2309) 42 
21 7785,942) 99999919] 7755,9508| 12214,0491| 39, 
r2 7806,1458] 9999,9911 [7806-1347 12193,5452| 38 
23] 7825,4507| 9999,9902) 7925,4604| I2174,5395, 37 
24 7843,9338| 9:99.9894| (784349444 12156,0555; 36 
25 7861,6623] 9999,9885] [7861,6738 12438,3262 35 
26 7878,6953| 999949875 7878,7077] 12121,2922, 34 
27 7899854 9999,9866' 7895 .©938 121049012) 33 
28 7910,8793 9999,9856] |7910,5937] 12089,1063, 32 
29. 7936, r18g 999 3),9845 17926,1344' 12073,8656| 31; 
Y E| 247 99999834 79495554 099,146 th 


ES — 


M _ Sn, O. | Tan,o. | 01 
30 7349,0418 9999-9834 7949,8584, 120591416 3 
z1| 7955,081,| 9999,9823] |7955,0996, 12944,9004{ 25 
321 7968,869}| 9999,9812| |7568,8856| 12231 1113] 28 
33 7982,2333 9999,9800 7982,2534| 12917, 74656 27 
34 7995,I979| 9999,9737|, [7995,2192| 12004 78-8, 26 
35, 8$00-,7866] 9999,9774| |8007,80g1| 1199:, 1908 2 
36] 8020,0206] 9999,9763| [8020,0445| 11979, 9555 24 
37] 80:1,9194 9999,97 48, $031,9446; 11968, 0553) 23) 
;8| 8043,5008| 9999-9734, [$043,5274 11955,4726 22) 
39 3054,7814| 9599,9720| |S$054,8193| 11945,1806 21 
49| 8065,7763] 9999.9705| 8065, 8og7| 119 341942, 20 
41 89076,499 9999.90g1 675,550 11923,4594 19, 
42 ge 9999,9 57s 06,9970, 1191 3,c029/ 1$' 
43] $097,1832] 9999,9660| |S097,2172| 11902, 7827] 17 
44 $107,1669 9999,9644 $107,205 11892,7975! 16: 
45| 8:16,9262] 9999,9628 [8116,9634| 11883,0365 15 
46 8126,4709 9999,9611 $126,5098 11373, 4901 14 
47, 8135,8104| 9999-9594] [$135,8570| 118641489 15 
45 8$144,9532] 9999-9576] [8144,9955| 11855,0044| 13 
49, 8153,9075| 9999,9558| |$153,9516| 11846,0483} 11 
go] 8162 26808 99991% 549 8162,7367 11837,2632; 0 
T1 8171, 20; 9999,95 23 fa79.g200) 11828, 6718, oy 
52| 8179.7129] 9999,9503] ($179,7626| 11820 +3374] B) 
53] 8$187,98 47] 9992 94384| |8$183,0363 11811,9636| 7 
54] 8196,tozc| 9999,9464 8196,1555| 11803, 84 
55' 8204,0702| 99999444] [8204,1253| 11795,8747| , 
56, 8211,8949] 9999:9423| [8211,9525| 11788,0474 7 
57 B8219,581c 9999,9403| $2:9,6407| 11780,3592; 3 
58 8$227,1335| 99999382 [$227,1953 11772,80465; 2 
$9 8234,5568 9999,9 360 $234,6207 11765, 3792 I 
6o B241,8553] 9999 9338 thn 11758,0785 - 
| Sin. 89.| Tan.s9. M! 
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Sin, I» 
THAT 
8249,0331 
8256,0942 
$263,0423, 
8$269,8810 
8275,6136 


82 $3,2493 


8289,7734 
8296,2067 


8$302,5460, 
$308,7941 
$3149535 
$321,02 68 
$327 9163, 
$332,9243 
$338,7529 
834415043. 
8350,1805, 
$355.7834 
8361, 3149. 
$366, 7769 
$372,1709 

8377-4988] 
$332, 7620 


$387, 9621] 


8393,1007 
8$398,1792 
8403,1990 
$408 1613 
341 3,0676 
841 7,9190 


. = w 


ICI YC NS 


9999 ,9338 
9999,9316 


9999,9293 
9999,9 179, 
999919247 
9999,9223\ 


9999,9 199 
9999,9175| 
9999,9159 
9999,9125 

99999299 
9999,9047 
9999,9020D 
9999,8993 
9999,8960 
9999,8938 
9999,8910 
9999. $882 
9999,8853 
999948523 
9999,8794 
999 9,3764 
9999,8734 
9999,8703 
9999, 8672 
9999, 8641 
9999,8609 
9999,8576 
99998544 


9999,851 ; 
$1n.88, 


( Tan.l. 


—— — — 


$249,101 

8296,1649 
$263,1T52 
$269 .9562 
8275,6912 


$293:3234 
8289,8559 
8296, 291 

$302,6335 
,$308,8842 
'$315,0462 
$321,1221 
$327,1143 
$333,9249 
3338, 28563 
$344,6104 
8350, 2894 
8355,9952 
8361,4296 
$366, 8945 
8$372,2915 
$377,6223 
8382, 8886 
;8388,0918 
83932335 
$398,315] 
$403,3381 
8408, 3036 
8413,2131 
$418,0678 


_———_ 


$341,924 
3 


| 


11723,3987 


T1581,9321 


11758,0785 
11750,8984 
Il 7.43583 F! 
11735,83847 
11730,0457 


11716 6765 
11710,144C 
I1703,70$3 
I 1697, 3664 
I1691,1158 
11684,953 
11678,877 
11672885 
11666 975 
11661 1,143 


11655,389 
11649,7105 43 
oo" 4 
11638,5703] 41 
11633,1054 40 


— —_—_ _— —- 


11627,7084| 39 
11632, 3776] 38 
11617,1113 37 
#1611 9081] 36 
11606, ,766 


11601,6849 


11596,6619 
Ii 591,696; 
I15 86,7968 


Tan 88+ 


M| * &w7 / ; | Tan, I, Peres | 
30) 8$417,9199 |9999,8511 84:8 8 0578 IigSt,9,21 ” 
31] £$422,7168 [9999,8473| 8422,8689 j11577,1310| 2 
32] $427,4621 [9999,8444| [$427,6196 'I572,3523] 28 
33j 8432,1561 [9999,8410 $432,3150 |11567,6849/ 27 
34] 8436 .7993 [9999,8376| [8436 9522 [11563,0377' | 26} 
35] 84423944 [9999.8341| [8441.5503 |11558,4397) 25 
36] 8445,94099 [9999,8396| [84461102 |11553,3897| 24 
7] $450,4492 [99998271] |$450,6131 [1154533868 ,z 
38] 8454-933 [9 99,8235] |8455,0698 |11544,9301| 22 
39] 8459,3012 [9999,3199 8$459,4314 |11549,5186 21] 
Ll 5463,6648 [,999,8162] |8462,8485 [U536z1513, 2c 
41] 8467,9850 [9999,8125| |8468.192, [11531,8275| 9, 
4 $472, 2615 9999 $088 847 21,4537 11527,5462 18 
#3] 8476,4933 9999,bozc| [8476,693z3 |11523,3966| 17 
8480,6932 [9999,801 2 8480,8919 |'1519,1080] 16 
45] 8484-8478 |9999, 7974 [483,0505 [1151499495 - 
45 $488, 9631 9999,7935 8489 1696 11510,8303 14 
47 $493,0397 [999947896] [8493,2501 |11596,7498| 13 
45 $497,07384 [9999.7856| [8497,2927 [11502,7072| 12 
49 $501, 0798 [9999,7816 85or,2981 [11498,7012| 21 
£2 $505,0446 [999947776] |8505,2670 |11494,7329] 10 
51) $508,9736 [9999,7735] |8509,2005 [11990,7999 9 
52 $5x2,8673 [9999,7694| |8513,0998 11486,9021| 8 
$3 8516,7263 999947553] |$516,96r0 [11483,0385| 7 
ry 8520,3513 [9999,7611 8520,7902 [11479,2098| 6 
35! 8524-3429 [9999.7565| [8524,5860 |t1475,4t40| s 
55] 8528,ro16 - 19999, 7527| [8528 2439 (1471,6520] 4 
57| 8531,3281 |9999,74$4 8532,0797 I1467,9203| 3 
53 -8535,5228 9999, 7441] |8535,7787 [114642272] 3 
5 8539 1863 999, —_ 853944466 11460,553 1 
8542,8191 999.7353 $543.0035 11456,9162 ay 
WT Y Sin.$$. | | Tan.88, | M 
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Sin, 2. | T4. 3+ | 
85428191 99999383 [EA 11456,9162, 60 
8; 46,4217] 9999,7309| |8546,6908| 11453,3091, 5 
$549,9947| 9999,7264 '8550,2683| 11449,7317 $8 
$553,5385]| 9999.7219| 8553, 8165] 11446,1834 57 
$557,0536| 9999,7i74| 8557,3362| 114426637, 56 
8560, 5404 9999,7128 8560,827*| 11439,1724 bb 
8563,9994| 9999,7932 8564,2912] 11435,7088 54 
8567,4z10| 9999,7935] $S567,7274| 11432,2725 53 
8570,8357| 9999,6983| $571,1368| 11438,85z31 52 
8574,2139 9999,6941| 8574,5197| 11425,4502 51 
8577,5559| 99996894] 85778765 114221234 52 
$580,892 3 9999,6846 $581,2076 11418,7923 4 
$584,1933] 9999,6797, B8584,5135| 11415,4864 pr 
8587 ,4594| 999936749 $587,7945| 11412,2054 47 
8590,7209| 9999,6700| S8591,0509 11408,9450 46 
8$593,9482] 9999,6650 85942832 11405,7167 45| 
8597, t517| 9999,6600| 8597,4916, 11 402,5083 44 
$600, 3317] 9999,6550| |8600,6766| 1139993233 43 
$603,4885| 9999,6499 $603 $385] 11396,1614 42 
$606,6225] 9999,6449 '$8606,9776 I1393,0223 41 
8609,734! 9999,6397 8610,0943 11389,9056 49 
$612,8234| 9999.6346 $613, 1888] 11386,8111 39 
$615,8909| 9999,6294| B616,2615 11383,7384 3$| 
$8618,9369| 9999,624! 8619,3127 11380,68>2 37 
$621.9616| 9999,6188] 8622,3427| 11377,6572 36| 
$524,9653] 999.6135] B625,3527| 113746482 35 
$627. 9484! 9999,6082 $628, 3402| 11371,6598| 34 
$630,9111| 9999,6028] 8631,3082| 11368,6917, 33 
$633,8536| 9999,5974| (\8634,2562| 1136F,7437| 33 
8$636,77564| 9999,5919| (£637,1844 I11362,8155| 31 
$639,6793] 9999,5864 mes 11359,9068} 30 
Sin. 87. Tang.87 'M 


Sm. 2. | | Tav.2. Al 
$639,6795] 999915564 |8640,0931] 11359,9068| 3 
$642,5634| 9999,5803 [5642,9525 1135750175] 2 
8645,4382 999915753 $545. $528 I 354-1471, 2 
8648,2741| 999945697] [3648,7044] 11351,2955 27 
8651,1015] 9999,5640| [5651,5375| 11348,4625; 2 
$653,9106| 9999.5 584) [3654, 3522 1 1$45,6477| 25 
8656,7016| 9999,5527] [3657,14%9 1134:,8510, 24 
8659,4743) 9999, 5499] [5652,9275| 11349,0721| 23 
$662,2303| 9999,54'1| [3$62,68g1] 11337, 3108) 22 
8664,9684| 9999,5353! [1595,4139] 11334,5669\ 21 
8667,6893] 9999,5294 |$963, i 5,95] 103, 5,5401| 20 
8670,3932] 999995235] [o6;70,b69% 11329,1303 
8673,0803| 9999,5175, |3673,5627] 11326,4372 
8675,7510| 9999,51:6, |8676,2393] 11323,7606 
8678,4052| 9999,5956| [8678,3 996] 11321,1003 
8681,0433] 9999,4995| |3681,5437] 11318,4562 
8683,6654| 9999-4934 (86841719 11315,8280 
$686,2717| 9999,4873] |8686,7844| 11313,2155 
8688,8625| 9999,421 I 8689,3813] 11310,6186 
$691,4378| 99994475 $691 ,9628] 11308,0371 
8693,9980] 9999,4537] |8694,5292] 11305,4707 
8696,5431} 999934625] |8697,0806]| 11302,9193 
$699,9733| 9999,4561| |8699,6171] .11300,3828| 8 
$701 ,3889| 9999,4498| |8702,1390| 11297,8609| 7 
8704,0899| 9999,4434| [8704,6464| 11295,3535] 6 
8706,5765| 9999,43709| |8707,1395 11292,8604| 5 
8709,0490| 9999,4306| [8709,6184| 11290,3815] 4 
8711,3074| 999944241| \$712,0833] 11287,9166| 3 
8713,9520| 9999,4175] [$714,5345| 11285,4655| 2 
$716,33829] 9999,4110 8716,9719, 11283.0281| 1 
$718,801] 9999,4044 [$719,3957| 11280,6042 
Sin. 87. | | | Tan. 87.| 


B 


Oo 5 cy © 


| x. > w9_w3 =iels 


| 


| 


S1n, 3. | 


$718,8001 | 


8721,2040 
$723,5946 
8725,9720 
$728,3365 


$730,688 2, 


8733,0271 
8735,3535 
$737,6674 


$755,7468 
8757 ,6540 
8760,1511 
$762,3366 
$764,511 
8766,6747 
8768, 8275 
$770,9697 
$773, 4013 
$775,2235 


$777.3334 
8779,4340 
8781,5244 
8783,6048 
$785,6752 


© OY oc AI So Ie I I Cr 


| 


- NT 
9999.4944 
9999, 3977 
9999, 3910 
9939, 3843 


9999, 3776 
9999443708 


9999, 3640 
9999, 357" 
9999,3503 
99993433 
9999-3363 
9999, 3293 
9999,3223 
9999,3152 
9999,3081 
9999,3009 


9 19992937 


9999,286s5 


9999 ,7797 


| 


9999.27t9' 


9999, 2646 
9999,2572 
9999,2498 
9999,2 433 


9999,2 3 49, 
9999,3227 3| 


9999,2198 


9999,27122 
9999, 2045 
9999,1969 
9999,1892 


$in.86. 


| 


1$763,0646 


(3757,4174 


——_—_——_————— 


Tan, z-. 


8719,3957] 
$721, 8064 
8724,2035 
8726,5877 
8728,9589 


733-6631 
8735,9964 
$738,3172 
$740,6258 
$742,9222 
$745 ,2066 
$747 4792 
>749,7400 
8751,9892 
8754,2268 
$756,453" 
87 58,6681 
$760,8719 


$765, 2464 


8769,5777 
8771,9273 


97313173, 


$773.8664 
$775,995 2 
8778,1135 
8780, 22217] 
8782 3198 


bile nrs 
8786,4860 


I 1280,604? 
11273,1937 


11275, _ 


11273,4'23 

11271,0410 
x11268,6 826 
11266,3368 
11264,0036 
11261,6827 
11259,73742 
11 257,07 77 
11254-7933 


11252, $207 


I11250,2599 
11248 0107 
11 245.7731 
11243, 5468 
11241,3319 
11239,1250 
11236,9353 
11234-7535 
11232,5825 


11230,4222 


ns 
39, 
38 


11228 2726, 37 
11226,1335| 36 


11224,0045 


| 1221,886, 
11219,7752 


I1217,6801 
I11215,5920 


11213,5139 


T4an.,86. 


M —— | | Tan.3. | ;M; 
z3o| 8785,6752| 9999,1892 $786,4860 I1213,5129, 30; 
z1| $787,7358| 9999,1814| [8788,5544| 11211,4455; 29! 
zal 8$789,7865, 9999,1736| |8790,6130| 11209,386g, 28 
33 $791,8278 9999,1658, |$792,6619 11207,3380/ 27, 
34 3793-8593: 9999,1580, [8794,7013| 11205 ,2986| 26, 
35 8795,8814 9999,150!| [$796,731;] 11203, 2686, 25 
26) 8797,8940 9999,1421| |1798,7519 11201,2480 ” 
37] 3799,8974 9999,1342| [8800,7632 11199,2368, 33] 
23] 3801,8g1g g999,1262| |8802,7653| 11197,2347, 22 
39! $803,8764 9999,1181| [8804 7582 11195, 2417 21 
zo| 8805,8523 9999,1100| 8806 7422] 11193,2577, 20 
41 88078192 9999,1019 8808,7172 t1191,2827 I9 
42] $809,7772 9999,0933| |$810,6834| 11189,3166| 18 
43] *811,7263 9999,0856| [8812,6407| 11187,3592] 47 
44| 3813,6667, 9999,8774 |$814,5893] 11185,4106| 16; 
45| 3815,5985| 9999,0691| [8816,5293] 11183,4706] 15 
46 8$817,5216 9999,0608 8818, 46c$ 11181,5391 14 
47 8819,4363| 9999 of25 |$820,3835|} 11179,6161/13 
48 8821,3425 9999,044'|! |8822,2984] 11177,7015| 12 
45 $827,2403, 9999,0357, !8824,2046| 11175,7953; 11 
go] 3825,1299 9999,0372) [8826,1026| 11173,3973 10 
gx, 8827, 0112 9999,0188 (8827. 9924] 11172,0075' '9 
52 $828,8843. 9999.0102| (8829 8741 11170,1258, 8 
53 $8830,7494 9999,0017 8831,7477| 111682522, _ 
54 V832,6065| 9998,9931| [8833 6134 11166, 3865| 6 
55, $834,4557| 99989844 $835,4712| 11164,5287| 
56 8836 2969. 9998 9758! [8837,3211 11162,6788 — 
57, $8:8,1304 9998 9671 |$339.1632 11160,8 367 3 
58 $839.9560| 9998,9583| 8840,9977| 11159,0022; 2| 
[59 $$4',774"| 9998,949g| [8842,8245| 11157,1954 | 
fo 3843.9845] 9998,9407] [3344.5437] 11155. 3562] 0 
S*% Sin.$6. | Tan.s6, |M! 


B 2 


[-1Z 


4 1» 


— 


Wy Wow © [a+ 


| 


wa_dth.. 


$11, 4+ | 
——y 
8$845,3873| 


8347,1 $27 
8848, 9706 


$850,7512 


8852, 5245 
8854,2905 
8856,0493 
8857,5010 
8859,5456, 

8 861 92832 2 
$863,0139 
8864,7376 


$866,4545 
8868,1 646 
869,867; 
$871,5646 
$873,254 


887 4,938 
8876,614 


8878 ,2853 


$879,9493 
888 21,6069 


8883,2581 
8884,9031 
$896, 5418 


$888 1743 
$889, $006 


8891 ,4209) 


8893,0351 


245433 


_ 


9998, 9408 
9998,93 19 
9998,9230, 
9998, 9141 
9998, 9051 
9998, 8961 
9998,8871 
9998,8780 
9998,8689 
9998, 8597 

9998 9998 $506 
9998,8.41 13 
9998,8321 
9998, 8228, 
9998, $135 


9998,7947 
9998, 7853. 
9998,7758 
9998,7662, 
9998,7567, 


9998 ,7471 

9998,7375| 
9998, 7278 
9998, 7481 
9998,7083. 
9998, 6986 
9998, 6888, 
9998,6789 
9998, 6690 

9998,6591 

Sin. 8 $-} 


| Tang. | 


$44-6437 
8846 45 5- 
$848,259 
$8850,0565 


$853,628: 
$855,40 34 
ALLE 

8858, 9321 
8860, ,6858 
$862,4326 


$864,172 5 
8865,,055 
8367,6317 
$869,3511 
8871,0638 
8872,7699 
8874-4693 
8876,1622 
8877 8437 
$879,3236 
$281 ,2022 
$882 8694 
8884 $303 
_ ,1849 

887,8334 


-— — — —— = —_—— 


8889,47 56 
8891,111b 
$892,742c| 
- 4,3 66C 


8851,846: 


8895 29841 | 


mull eee 


| 
11:55,3563 60 
ri15$3,5445 59 
11151,7403 58: 
11149,9434 57 
11148,1539 56 
11146,371 6 is 
11144, 5966, 54 
111428286 $3 
11141,0678 52 
11139,3141 $1 
11137,5673| 50 


11135,82 27.4 49 
11134,0944 43 
11132,3682 
11130,6488; 46 
11128 9361 
11127,2300 
11125, 5306 
11123,8377 
11122,1513 
T11120,4713 

11118,7998 
I1117,4 305 
1111 5,4696 
11113,8150 
I4T12, 1665 
I1110,5243| : 
11108, 8881] 33 
11107,2580) 32 
T1105,6339 31 
111040158 30 


Tan.ss. M\ 


$n. 4* | g LEA 1 ang. 4 

zo| 8$894,6433 9998,6591[ 8895,9841 11104,0158 39, 
31] 8895,2455| 9998,649:] 8897,5963| 11102,4036| 29 
33] 8897,8,17| 9998,6391] 8899,2026] 11100,7973| 28 
1 On honed nano 
1,0167 98,6190 902,3977] 11097,6022| 26; 

35] 8902,5935] 9998,608g] 8903,9866| x 1096,01 34] 35 
136 8904,1685| 9998,5988] B905,5697 r1094,4702/ 24 
37] 8905.73;58| 9998,5886 8907,1472| r1092,8527| 23 
[28 8907,2974| 9998,5784| 8908,7190 11091,2809| 22, 
39, 8908,8534| 9998, 5681] 8910,2853]| r1089,7146 21 
[40 8910,403 8 9998,5578] B8911,8460 11088,1539] 20 
4t| 091 1,9487 9998,5475| $3913,4012| 11086,5988| 19] 
42 CD 9998, 5377 $914,9508] r1085, 9491 18; 
43 , 9999,5207] \8916,4951; Tn053,5048| 17 
44, 8916,5503 9998 ,5163 8918,0349 areas 16 
45| g918,0733 9995,5058 8919, 5675 11080,43 24! 15 
ja tags 7 9993,4953 8921,0957 11078, 9042| 14 
47 OR 9998,4847| $922,6186| 11077,3813| 13 
48, $922,0104) 958, 4742 '8924,1362 11075,8637| 12 
49, 892431122) c098,4635| 8925,6487 11074,3502) 11 
50, Bw = 994520 Weg 11072,8439 _ 

E; 3 »4422 28,6581 

52 8928,5866 pe a ron__ $ 
$3; 8930,0678 24206| $931,6471; 11068, 3528' 7 
yl en Stand nrerg ney © 
35, $933,0150| g998,3990 [3934,6160| 11065,3840| 5 
56, 893424810 9998, 3881 8936,092 11063,9070) _— 
57 9995 9427 9998,3772| [8937,5649] 11063,4350| 3 
58, 93743993 098,3662| |8939,0321] 11060,9678| 2 
59, 8938,8496 9998,3 552] [3940,4943 In059,5056| I 
60] 8940,2960| 9998, 3442 \$941,951 hy 
*%* Sin. 85. Tan.85. \'M 
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M Sin. 5+ —_— [|] 
0 $940,2960] 9998,3442] 8941,9517] 11058,0482[60 

1 8941,7375| 9998,3331 $943 4044 11956,5955] 59| 

2 8943,174? 9998, 3220 $944 522 T1055,1477] 58 

3 8944,6062| 9998,3109| '8945,2954 11053,7046| 57 

4 B8946,0335] 9998,2997] 13947,7338 21052,2661] 56; 
| 5 8947,4560| 9998,2885| [$9,9,1675 110508324] 55 
| 6 89488739| 9998,2772] 8952.5956 11049,4033| 54 
' 7 B8930.2871 9993,2659, 89;2,0211 11047,9788|53 
| $ 8951,6955] 9998,2545 (8953,4419 11046,5589| 52 
| 9 8953,0995| 9998,2432] |8954,8564 11045,1436] 51 
19 39544990 9998,2315| 89g56,26732 11043,7337 FO 
11 8S955,8939] 9999,2204 |8957,6735, 11042, 3264| 49 
\t2 89572843] 9998, a 8959.0754 11040,9245] 48 
13 8958, 6702 999841974 8960, 4728 11039,5271] 47 
14 8960,0517| 9998,1858| |8961 8558 110384341] 46 
15] 8961,4287] 9995 1747] |$963,2544 11936,7455] 45 
16! 8952,801 3 9998. 1626 8964,6387, 11035,3612] 44 
17] 8964,1695| 9998, 1509 8966,0189 11033,9812] 43 
18 8965,5337| 9998,1392| [8967,3944 11032,6055| 42 
19, 8966,8934| 9998,1275| |8968,76,8 11031,2341] 41 
20 8968, 2438 999S,1157, 8970,1330 11029 $669 40 
21 8969,5998| 9998,1039| |8971,4949. 11028.5050 39| 
32 $970,9467 9998,0921| |3972,8546, 11027,1453 38, 
23 8972,2894| 9998 ,0802| |8974,2092 11025,7907 37; 
24| 8973, 6280] 9995,0683| |8975,5597 11024,401 36 
25| 8974-9624] 9995,0563| [8976,90600 I1023,0939 35 
26] 8976,2926] y998,0443 8978,2483 T1021 1,7516 34 
27] 8977 6187 9998,0323 (8979.5864 11020,4135| 33 
28, 8978,9408| 9998,0202| |3980,9206 11019,0793| $2/ 
129 $980,2588| 9998,0081| [8982,2507 ioz7,7492] 31 
30 8981,5728 9997 ,9959 84 83,5769 11016,4230 30 


. 
z — - —_gE=__—Gc _ -_ << 


Sin, 5, 


8981 5728 
8982,8S29 
8984,1889 
89$5,4929 
8986,7890 
$988,083 3 


8989,3737 


8990, 6602}. 


8991,9429 
899393217 
8994249 ”7 
8995,768c 
$997,0356 
$998,2994 
899945595 
9000,3159 
9002,0587 
9003,3178 
g9004,5633 
9005,8053 
9007,0436 
9008 2784 
9009,5096 


9010,7373 
golr,g615 


| 9013,1823 


9214,3990 
9015,6134 
9016 B239 
9018,0309 
221932345 


| 


— 


99979959 
99979835 
99979715 
99979593 
9997 9479 
99979347 
9997,9223 
9997,9099 
9997,8974 
9997,5350 
999710725 
9978599 
9997 58473 
9997,3347 
9997,8320 
999758093 


9997,7965 
9997,7838 
999737710 
99977581 
9997 17 45 - 
9997 37323 
9997,7193 
9997,7063 
9997,0933 
9997,6803 
999 7,6671 
9997,6540 


9997,6408 
9997,0270/ 
999746143 


| 


| 


_- ———— —- —- — 


1 | Tang. 


3983,5759 
984,899 I 
8$386,2173 
3927,5316 
3938,8420 
$990,1486 
5991,451 3 
8932,7503 
$994, 9454 
3995,3367 
3936, 16243 
8997,9081 
$949,188 3 
9000,4648 
J00I,7375 
2003,0066 
9004,2721 
9905,5 340 
9g006,7923 
$008,0472 
9009,298 4 
g010,5461 
90I1,7902 
gol 3,031 
9014,2682 
gOI5,5021 


9916,7325 


9017,9594 
9919,1830 


| 


9020,4033 
0021,6202 


| 


a 

11016 ; 4230 30 
llols, , ob} 29 

IIon3,7826; 2 

I 101 2,4683 bo 
ILOTI,IF7S 26 
r1009,851 3] 25 
I 1008, 5486 by 
I1007, 2496 2 3 
11005,9545| 221 
11004,66 32; 21 


1100343757 20] 


1 1002,0918| 19 
Ito00,8117]} 18 
10999, 5352] 17 
19998,2624| 16 
10996,9933| 15 
10995 ,7278| 14 
10994,4659 13 
1099392076, I2 
10991,9528 
10990,7016, 
10989,4539 
10988, 2097, 
109386,9695 
10985,7317 
19984,4979 
1098332675 
1098 2,0405 
10980,8169, 
10979,5967 
10978,3797 
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— 
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T © 


#5 th, * ” 
—— _ 
EP - - i 


- 
—_— _ 


ID AO IS br OS 0. SO 
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- au nin * %* ry ta 


-—_e 
_— 
— 


- 


F 
+0 
1 
= 1, 
BLE 
, 
$3 
; l 
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| Saw. Go 


9019,2345 
9020,4348 
9021,6317 
902248254 
9924,0157 
tied | pnted | 


9026,3864; 
g027,5669 
902d,744! 
9029,9181 
9031, 0090 
903 2,2567 
903 3,421 
9034, 5824 
9035,7406 
9036,8957 
9938,0477 
903 9,1966 
9049, 34214 
9041,48 52 
9042,6249 


9043,7616 
904413954 
9946,0361 
9047,1538 
9048, 2786 
9049,4004 
9050, 5194 
9051 ph 5 


9052,7485 
SHE 


9997,6010 


99975877 


999715743 
99975609 
999715475, 
9997,5 349 
9997, 5204 


9997, 5969 
9997+4933' 


9997+4197 
9997,4660 
9997 ,4533 
9997,4386 
9997,4248 
99974110 IO 
999753971 
9997,3832 
9997,3693 


9997, 3353, 
99973413; 


9997 ,3373 


999713132, 
9997-2991, 


9997,2849 
99972707 
9997,2565 
99973423 
9997 ,3279 
9997121 36 
Stn. $3. | 


Tan. 6. 
9021,6202 
022,8338 
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= | $11.79. Tango, | M: 
ay D 


tt 


"2 *% —_ _ 


= > "= O_ jo 


22 hey 


"4 CE 


[M Sin. Lt. | TT: 
19,9465 $3, F_ 2477160 
"o| 9280, 5988 9919.94 9283,6322] 10712, 3477|60 
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27] 9297,9883| 9991,2696| |9306,5186 10693,451333 
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9313,0969} 
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9314,2468 
93148851 
9315,522 
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9317,4295 
9318.0639 
9318,6971} 
9319,32g5 
9319,9610 
93205917 


9323,106) 
9323,7326 
9324-3523] 
9324,953 
9325,6072 
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_ 


— I 


106919374 30 
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10690,2459; 38 
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10688,9578 - 
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10687,6734] 24 
10087,0324/ 23 
10686, 3924 22 
Io685, 7532 21 
106851 1148 29) 
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lo678,7784]| 10 
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9320,2495 
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93232,60086| 
9323,1938 
9323,7802 
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9325,5343 
9326,1174 
9326,6996, 


9327,8617 
9328,4415 
9339,0205 
9329,5987 
93 3991761 


— 


93249504} 


9330,7537 
9331,328;| 
9331,9035 


933244777 | 


$333,051 
; $333,6236 
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9334-7665, 
9335-3367 
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9930,4944 

92904377$ 

9930, 3506 
9 990, 3236 
2390, 2966 
9999,2 696, 
9990, 2425 
9990,2154 
999 - 188 ; 
999.),1614 
99 90,1339 
999041006 
9990,27 94 
9999, 0520 
9990,0247 
9989,997 2 
998929698 
99394942 E 

9989-9148 

0989,8872 
998948320 20 
9989,8043 
989.7756 
9989. 7488 
9989,7210 
9989,6932 
9989,6653 
9989,6374 
998g ,6095 
998,815 


93 27447 45 
9328,0953 
9328,7153 
9329,33 
9329 9$U 
3321170& 
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9331,1871 
93 31,8031 
97 32;4195 
9333-0326 
933 3,0462 
93 3442590) 
933448710 
(93 35,4833 
:9336,092 7 
93 36,7024 
337,311 
337.919 } 
338,5267 
339-1333 
3 897391 
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_— 
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9344,5580 
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9345,7558 
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10671,9046 59 
10671,2847 58) 
10670,6655 57 
10570,0471 $56 
1056942 96 55 
10658,9128 54 
10668,r968 53 
10667.53817 52 
10666.,9673 51 
20666, 3537 50 
10665,7409 49, 
ro665, #289 49 
10664,5177 47 
10663,9072 46 
1066382976 45) 
106636887 44 
10662 ,0B06 43 
10661,4932 42 
$0660,8666 41 
10660, 2608! ,49 
10659,6558 39 
10659,0516 38] 
l0658,4481 37 
106 57,8453! 36, 
l065792433 35 
10656,6421 
10656, 0446 
10655,44'9 
10G54,8429 
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zo| 933%,3367] 99395315] |9345.7552| 10654 2447! 39 
Fri 9335,9062| 9989,y534| (9346.3527| 10553,6472 29 
2] 9336,4745| 9939,5254| [9346,9494) lo6g 3,0505 28 
23] 93379437| 99589.4973] [9347,5454| 1065244545, 27 
34] 933745093} 998,4691| 19348,1407| 10551,8593, 26 
35] 9339-1762) 999,441) (9348,7352) 20651,2647 25 
36] 9338,7417| 9989,4127| |9349,3290| 10650 6710, 24 
37] 9339,30965| 9939,3845| \9349,9320| 10650,0779 23) 
18] 9339,8705] 9989,35362| [9350,5143| 10649,4856, 23, 
39, 9349,4338| 9989,3278| [9354,1059. 10648,8940 21 
jo 9349,9963| 9289,2995| |9351,6908) 1054843032 20 
at 9341,5550} 9989-2711] [9352,2869| 10647,7130 19 
42) 93421189 9983,2426| [9352,8763| 10647.1236 18 
43] 9343-6791] 9989,2141| |9353-4650| 10646.5349 17 
44 9343,2386| 9989,1856! 9354,0529 1064 5,9470, 16 
gs| 9343-7972) 9939,1570 [93 54,6402] 10645,3597, 15, 
45 9344,3552| 9989,1284| 9355,2267| 10644,7732, 14: 
47] 934449123] 9989,0995| [93555125] 106441574 13) 
48] 9345,4583| 9989,0711| [9355,3976| 10643,6023| 12 
a9, 9345.0244| 9989,0424| [9356,9820| r9643,0179, 32: 
59] 93463794) 9989,0135| [9357,5657| 10643,4342, 12 
54) 9347,1336| 9983,9845| [9358,r487) r0641,8512 9 
52) 9347,6870| 9988,9560| [9358,7310| 10641,2639, 5 
53, 9348-2397| 9988,9271| [9359,3126 10640,6874) 7 
74 9348,7917] 9988,8982] [9359.8934| 10640,1065) © 
55] 9349-34:s| 9988,8692| 19360.4736| 10639,5263 _$ 
56, 934913934| 9988,8402| |9361,0531| 10638,9458| 4 
57] 935944431| 9988 $112] |9361,6319| 10638,3681| 3 
;8| 9359,9921| 9988,7821 [9362,2100 10637,7900| *? 
59| 9351,5404| 998.7530] 19362,7874| 10637,2126| * 
[60] - 235 2,0820} 9985,7339 (£363:3661] 10636,6358 T 
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9352,0880 
9352,6348 
9353-1809 
9353-73263 
935443710 
9354,S150 
9355,3582 
93 55,9007 
935,442 5 
935639836 
9337»5240 
9358,0637 
9358,6026 
9359,1409 
9359,6785 
9360,2153 
9360,7515 
9361,2869 
9361,S217 
9362,3558 
9362,8892 
9363,4218 
9363,95 38 
9364,48 52 
9365,0158 
930535457 
9366,07 50 


9366,6036 
9367,1315 
93676587 
9368,1852 
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9988,69 47 
9988,6655 
9988,6362 
9988,6069 
9908,4776 
9988,5482 
9988,5188' 
9988,4893] 
9988,4598 


998814303 


9988, 400 
998837511 
9988, 3415 
9988,3118 
9988, 2820 
9988,252} 
9988,2225 
9988,1926 
9;88,1627 
9988,1 328 
9988, 1029 
9988,0729 
9988,0428 
9988,0128 
9987,9826 
9987,9525 
9987,9323 
9987,8921 
9987,8618 
9987,8315 
$1.76 
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9363,3641 
9363,9401 


9364-5154 


9365,cg01! 
936 596640 
9390,2373 
19366,8099 
9367,3819 
'9367,9532 
9368,5237 
9369,9937 
9369,6629 
9370,2315' 
9370,7994 
9371,3666, 
9371,933% 
9372,4993 
9373,9644 
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937497563 
9375,3189 
93758309 
9376,4423 
93770030 
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'9378,1225 
9378,681 2, 
9379,2394 
9379,796g 
93%9,3537 


20636,6359 


10636,0598 


10635,4845 58 


10634,9098 


10634,3359, 56 
10833,7626) 55 
10633,1900 
10632,6180 


1063 2,0468 


10631,4762 51 


10630,9063 


10630, 3 370, 
10629,7684 49 


I0629,2005 
10628,6333 
I0628,0667 


10627,5008 
10626,9355 
10626, 3709 
Io625 806g 
19625,2436 
10624 6810 
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10622,9969 
10622,4369 
10621,8775 
10621,3187 
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9369.2363 
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938 3,6751 


eee ee mr... 


9987.8 315 
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9987,7707 
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9937.6793 
99376488 
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9987-5569 
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9987 ,4031 
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9987,0611 I 
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9986,9984 
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93 80,9099 
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9382, 0205 
9382,5748 
9383,1285 
9383,6815 
9384,2340 
93 84,7858 
9385,3370 
9385,8876 
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9386,986g 
93837,5356 
9338,0837 
9388,6312 


9389,178t 
9389.7243 
9390,2700 
9390,8150 
9391,3595 
9391,9033 
9392,4466 
9392,9892 
9393,9313 
9 324,9727 
9394,6136 
9395,1538 
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9396,7710 
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10619,6462 
Io6 19,0900 
10618,5344 
1 0617,9795 
10617,4251 
10616,871 4 


10616, 3184 


10615,2141 
10614 662 
Io614, 124 © 


10613, F62 2.4 
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ToOGII,900G2 
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10610,8219 
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I 0503,7299 
10609,1849 
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10608,0965 
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eo ar 2 


_I} 


242 


20 


i9 
1 
17 
16 
I5 


14 
13 
I 2 
Il 
Io 
E 
$ 


7 
(s 


4 
3 


1] 


0 


Tan. 76. | 'M 


nt. 


CE 


, 9394,1793 


' 9395,1658 
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9384, 1815 
9384,6373 
9385.192. 
9385,6969 
9386, 2008, 
9386,7040 
9387,2066| 
9387, 7087 
9388,2101 
9388,7108 
93389,2110 
9389,7106 
93 90,2095 
9390,7079 
9391,2056 
9$391,7027 
9393,1993 
9392,695 2 
9393,1905 
9393z6852 


9 394,6723 


9395,6581 
9396,1498 
9336, 410 
9397,1315 
9397,6215 
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9398,5996} 
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9986,9041 


9986, 8726 
9986,8410 


9986 8094. 


9986,7778 
9986,7457 
9986,7144 
9986,68z2 

9986, 6508 
9986,6190 
998645572 
9986,5552 
9986,5233 
99$5,4913 
9986,4593 
9986,4272 
9986, 3951 
9986,3630 
9986,3308 
9986,2986 
9986, 2663 
9986,2340 
9986, 201 7 
9986, 1693 
9986,1 369 
9986,1044 
9986,0715 
9986,0394 
9y 8 6,90058 
998 5,974? 
9985 ,9416 
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9397,3089 
9397, 8462 
9398, 3929) 
9398,9191 
19399,4546 
'9399,9896 
9490, 5240 
9401 ,0572 
9401,5910 
$492,1237 
9402,6557 
9493, 1873 
9493,7182 


9424,2486 
9494,77 84 
9495,3076 
940598363 
9496, 3644 
9406,8-19 
94974139 
9497,9453 
9408,471 1 
9408, 9964 
94099,5212 
9419-9454 
9410, 5690 
9411,0921 
9411,6146 
9412,1366 
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1060 3,2289 
10602,6910 
Io602,153 7 
10601,6170 
10601,0808 
I 0600,5 45 3 
I0600,0103 
1059934760 
10598,9421 
10598,4089 


1959795763 


4059743442 


:0596,8127 


10596,2817 


10595,7514 
$0595,2210 
10594,69 3 
10594,1637 
10593,6356 
10593,1080 
Io592,5810 
10592,0546 
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10589,4309 
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9398,5996 
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9399,5754 
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9401,0347 
9491,5200 
949 2,0047 
9402,4889 
9402,9734 
94934554 
9493-9378 
9404,4196 
340 4,9009 
9405, 3816 
9405,8617 
9406,3412 
9496 ,8202 
9407,2987 
9407,77%5 
9408,2538 
940 $,7306| 
9409,20967 
9499,5824 
9410, 1574 
9410,6 315 
9411,1059 
9411,5793 
9412,0521 
9412,5244 
941219962 
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992 $,9416) 9412,6580| g0587,3419, 39 
9985,9089| [9413,1789) 10586,3210, 29 
9985,8761| [9413,6992| 10586, 3007, 28 
9985,8434| [9414,2190| 10585,7809! 27 
g9985,8106} [9414,7z383] 10585,2616 26 
9985,7777| |9415,2570| 10584,7429] 25 
9985.7448] [9415,9752| 10584,2248| 24 
9985,7119| [9416,2928] 10583,7071|23 
9985,6789| [9416,809y| 10583,1900 
9985,6459| [9417,3264| 10582,6735 
9985,6129] |9417, 8425] r0582,1575 
998533798] [9418,3579| 10581,6420 
9985,5467] [9418,3729| 10581,1270 
99855135] i\9419,3873] log80,6126 
998 5,4303] |9419,9012] Ll0580,0987 
9985,4471] [9420,4146] 10579,5853 
9985,4138] [9420,9274| 10579,072 5 
9985,3805] [|9421,4397] 10578,5602 | 
9985,3471] [9421 9515 10578, 0484] 72 
99853137] [9422, 4628] 10377,5372| 3! 
9985,2803] [9422,9735| 19577,0264| 10 
9985,2463] (9423,4837] 10576,5162| 9. 
9985,2133] (9423,9934| 10576,0065| 5 
9985,1797] |9424,5026| 10575,4973| 7 
9985,1461] |2425,0113] 10574,9887 - 
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9796,8358 
9796,6930 
9797,1501 
9797+3070 
9797463 

97976207 
9797,7774 
9797,934! 
9798,090 

9798,2470 


—Timey8. | 


9798,4033 
9798,5 596 
9798,7157 
9795,8718 


| 


OY 
9893,5 443 
9893, 4438 
9893,3432 
989 3,2426 
9593,1419 
989 3,041! 
9892,9493 
9892 ,8394 
9892,7385 
9892,6375| 
9892,5354 
9892,4353 
9892,3341 
93892,2329 
9892,1316 
9892,0302 


9891 5891,9288 
939r, $273 
989 1,725 

9391,6242 
9891,5235 
98g1,q208 
g391,3190 
9891,2172 
go$91,1153 
9891,0133 
9890,9113| 
9890,8092 
9390,707« 4 
9890, _ 
9890,5036 


'$1n,;1. =... 


19907,3357 


Tan.zs. | 
99 00,6053, 


99008644 
9901,1 237 
9901, 3829 
9901 ,6421 
99019013 
990 23,1604 
9902,4195 
9902,6785 
9992,9375 
993.1 965 
9903,4555 
9993,7144 
9903,9733 
9994,2321 
9994:4909 
990417497 
9905, o08 

9905, 2672 
9905. 5258 
905,7845 


9906, 8 I _ 
9997,077% 


9907,594! 


990748525 


g08,1109! 
9908, 3692, 


| 
' 


— 


10099,3948| 30 
I0099,T355| 29 
loog8,83762| 28 
10098,6170|.27 
10098, 3578 26 
10098,0987, 25 
10097,8395| 34 
0097, 5304, 23 
10097, 3214 2 
I0097,062., 21 
10096, 8034 20 20 
10096,54.45 19 
10096,2855| 18 
10096,0367| 17 
10095,7678, 16; 
toog9g,5990; I5 
1009532502] 14 
10994 '9975| 13 
10094,7$38 2 
1009444741, III 
10094,2154, 10 
10093, 9568, 9 
1009 3,698 2 

10093,4397, 7 
10093,1812 

10092,9227; 5 

1009246642 - 
10092,4058 3 
I0092, 1474 2 
0091, + 

r10091,6307 


Tan. 1, | Ml 


+ S An _— — ——— I. 


Mid..— 


Tan.39. = 
[M] S117» —— ET T0091,6307|60 
o| 9789,8715| 9890.502c 3 6+ 10091,3724/59, 
——_—_ g O0OL 908, 275 9 » 4 
1] 9799,0277| 9599,4 3| [9908 8857, 1oog1,1142|5$ 
2| 9799,1836| 9890.297 909-1440 l0090,8560 $7) 
| 3] 9799,3394| 9392, 1954 ©90g, 4022] L0090;597850 
4| 9799,4950 poo kh 9909, 6603 10090, 3396|x5| 
& 9799,6596; 99 ER 9909 o1 84/ 10290,0815 54 
6] 9799,8061| 988g, or 9910,1765| 1008945234153 
7] 9799,961 90297550) '9910 4346; 10089,5653 53 
8| g800,1168 9889,0022, '9910,6927 r0089.3073|51| 
9 9805,2721| 9389,5794 9910,9507 100989,0493[50 
10! 9800,4272 9839,4705 Cds 10088, 791 3 49) 
11] $800, 5622 9209-3736 9911 4665 10088, 533 3/48 
12] 9800,7372 9539,2706, 99117245] 10033,275.4/47 
13] g800,89:0 9889.1675 9911 9824 I0088,0175146 
14) g9801,0468 98899644 991242402] 10087,7597/45 
bd 1 9801,2015 99099,9 — 9124981 10087,5orgh44 
16| g$01,3560, 9338,0579, 0912 7558 10087, 2441143 
17 9801,5 be; 92 88,7549, nike tes” 10085,9863|4 
1s 9801,66 49, op 9913,2714 10036, 7286441 
i9 9801,8192, 9888, 547 '9913,5291] 100936 4709 40] 
| | 9888,4443| 9913-3291| 19935,4709/40 
20 9801,97 34 90 924475 | a086,21321359 
21 9802,1 275| 9 2340 991 4,0444 roo085,9 $S$% zs 
m_ 9802.2316 9888,2372 9914, 3020 roo85 ,6g80 37 
23] 9802-4355] 9888,1335 0914,5596| 10085,4404/36 
24 9802.5893 rpg g914,8171 10085, 182835 
= Sonpgun orga ene] 10034,925.3]3 4 
26] 9802,8967, 9887,8221: apart 10084,6678|3 
27| 9803,0503| 9887,7182 9915,5896] 10084,4103|32 
25] 9803,2038} 9887,61 42 ey ck 10084152931 
9803,3572 gn ' B916,r044| 10083,8955|30 
30) 9803,5105] 9887,406: my GM — M) 
5 Sins 4. Ni c7 48g. $O| ©7194 71 


C7) 


% 


— 


" $m.39. 
98035105 


| 9807,1 625 
$5] 9807,31 36 36 


9803,6637 
9803,8r68 


9803 ,9698 
9804,1228, 
9804.2756 
9804,4284| 
9804,5810 
9804.73 ;6 
9804,8861 
9805.0335 
9805,190 
9805,343 
9805,4951 
9805,6471 
980 $7991 
9805,9509 
en, 
980525 
9806,4060 
9306,5575] 
9806.7088, 
9806.8602 
9807.0114 


9807.46.45 
9%07,6154 
9807,7662 
9807 9169 
980$ 20675 


I — — — 


9885,7319 
9885,6267 
98835, 5215 
9885,4163 
988 5,3108 


TR, 


9885,10c00 


9884,9944 
988 z 8888 


988 4,78 32 
9384 6774 
9334.5717 
9884.45, 8 
9884, 3599 
9884,2539 
$18.50. 


9921,7602 


— — —  _— 


16,3618 


9916,8765 
9917.1338 
9917, 3910 
9917,6483 
9917,9055 


9916, 6198] 


9918,1626 
9918.4198 
9918,6769 
9918.9340| 
9919.19! ' 
9919,4 481 | 
991 9,7951 
991 9,9621r: 


992097328, 
9920,9897 
9921.2466 
9921,5934 


9922,0169 
9922,27 37, 
9932, 5304, 
9922,7870' 


9923,9437] 
9923,300JZ| 
9923,5569 
p923,8135 


| 


L 2 


9920,2190' 
9920,4760| 


rooky. 8955] 30 
10083,6z81] 29 
10083, 3808 
To083,12 34 
10082, 8661 
Ioos 2,G089 
10082, 351 7 
10081 +0344 


t0082 $373 


10081, 5801 
10081,3230 
10081,0659 
10080, 8089 
10980, 5518 


Io080 12948 


r0080,0378 


10079,78c9 
10079,5 240 
I0079,267 1 
10079, 0102 


10073,753 3 


1009$,4965 
10078 ,2397 
10077 9830 
I0077,7263 
10077,4695, 
I10077,2129 
10076,95602 
10076,6996 


C 


7 


6 
E: - 


10076, 4430 
10076, 1864 9 
=" 


T alle JO+ | 


-— _— _— 


£ 
þ 
4 
Y 


\M| Sk mp oy $2 
== 808,067; 9384,2539| [9923,3135| 10076,1864 60 
' 1 9808,2180| $834,1479] |9924,0700| 10075,9299 59 
| 2 908,368, 9884,0413] {\9924,3266| x0075,6734 58 
', 3] 9$0$,5187| 9883.9356| |9924,5831| 10075,4169 57 
| 4| 9808, 6690 988 3,9294| (9924;8395| 10075,1604 56 
_5| 9808,8191| 9883,7231] |9925.0960| 10074,9039 55 
| 6] 708.9592 9883,6165] |9925,3524| 1007446475 5 
4 7| 9809.1193 9883,5104|- |9925.6088| 10074,3911 53 
18 9809,2691, 988 3,4939] (9925,8651| 10074,1348 52 
9 9809,4189! 9883,2973] |9926.1215| 10073,8784 51 
[10] 9809,5686| 9883,1907] |\9926.3775| 10073,6221, 50 
T1 5809,71B: 9883,0841 |9926,6341] 10073,3658 49 
112] 98098677] 9882,9774} [9926,8903| 10073,2096 48 
13 9815,0172, 9882,8706| |9927,1466| 10072,853 3 47 
:14| 9810,1665| g9882,7637] [9927,4028| 10072,5971 46; 
a5 9810,3158 9882,6568 9927-6590 1007 2,3409 45: 
16 9810,4650 93882,5498| [9927,9152| 10072,0848 44 
17] 98r0.6141] 9882,4425] [9928,1713| 10071,8286: 43 
18] 9810,7631] 938243357] [|9928.437 10071,5725 42 
19] 9810,9120| 9882,2285] [9928,6835| 10071.3164| g1 
20|. 9811,0609| g882,1213] (9928,9396| 10071,0604| 40 
21| 9817. ©2096 9882,0140| [9929,1956| 100708043 39 
[22| 9811,3583] 9881,9066] [9929,4516| 10070,5483 38 
23] 9811.5058] g881,7992] [9929,7076| 10070,2923| 37, 
24 981r1,6553 g9881,6917] [9929-9636] 10070,0364; 36 
25] 9811,8037] 9881,5842] [9930,2195] 10069,7804 35; 
26| 9B11.9520| 9881,4765| [9930,4754| 10069,5245/ 34 
27 9812,1002 9831.3689 9930,7313| 1l0069,2686 35) 
28| 9812,2484| 9881,2611 age Uh 10069,0127| 33, 
29 0812.3964 9881, 1533 9931,243c| 10068,7569| 34, 
29] 981245444] 9881,0455] [99314989 10068,5011, 30, 
F-$ Sin.49. Tang.go |M 


[M $18.40. BENS ES Tan.40. | = 
30 9812,5444 9881,0455 99314989 20068,5011 30 
37 9812 6922 9380,9375| |9931,7547) 10068,2452 29 
2 98 12,8400, 9830,8295] [9932,0104) 10067,9995' 28: 
33] 9812,9877 9880,7215| |9932,2662| 10057,7337. 27 
34 981301353) 9880,6134| [9932,5219| 100674730 26! 
35| 9813,282 9880,5052 9932,7775| 10067,2223 25| 
36] 9813,4303| 9880,3969| 9933,0333| 10066,9666 24, 
37 981 3,5776, 9850,2886] 9933,2890| 10066,7109 231 
23, 981347249] 9880,1803| [9933,5446 10066,4553 22, 
39, 98138721] 9880,9718| |9933,8002| 10066,1997 21 
49, 9814,0192| 9879,9633| 19934,0558] 10965,944' 20 
47 9814,1661| 9879,8547 [9934,3114) 10065,6885 19 
2 9814,3131; 957997461 99 34, $669] 10065,43 30 18 
43| 9814-4599) 9879.6374| [99348225] 10065,1775 17 
44 14,6067] 9879,5287| [9935,0780| 10064,9220, 16 
gs| 9314,7533| 9879,4199| [9935,3334| 19964,6665 15 
45) 98148999] 9879,3110] |9935,5889| 10064,4110, 14 
47 9815,0464| 9879,2020] |\9935,8443] 10064,1556' 13 
48. 9815,1928] 9879,0930 936,0997| 10963,9002 12 
49,  9815,3394| 9878,9839| [9936,3552] 10063,6448, 11 
go, 9815,4853] 9878,8748| [9936,5105| 10063,3894. 10 
T 9815,6315} 9878,7656| [9936, $659, 10063,1344 9 
52 9815,7775| 9878,6563| [9937,1212] 10062,8789 8 
53] 9815,9235| 9378,5470| [99372765] 10062,6234 7 
54) 9816,0694|. 9878,4375| [99376318| 10062, 3682 6 
55] 9816,2152 9378, 3281 9378870, 10062, 1129 I, 
6 9816, 3609 9879, 2186 9938,1423| 10051 $576, 4 
pu 9816,5065| 9878,1090| [9938,3975. 10061,6024 3' 
58| 9816,6521| 9877,9993| [9938,6527, 10061,3472; 2 
59| 9816,7975| 9877,8896| |9938,9079 10061,0921| I 
60] 9816,9429| 9877,7798| [993911639 10060,8369| © 
EZ S1n.49. ' Tan.g9. |M 


(Vj Sin, 41* | Ia: Ds 
T 9816,9929 ad 9939,1630] 10060,8369 59 
7) 9817,0882| 9877,6700| (9939,4183} 10060,5818 59 
2) 9817,2334) 9877,5601 9939,6733 Lo060,3466 58 
3| 9817,3785| 9877.4501 9939, ,9284| 10060,0715 57 
| 4| 9817,5235] 9877,3490| [9940,r1834] 19059 3165: 5s 
| Fi 9817,6684| 987712299 9940,4385 10059,5614 5s 
"6 9817, 8133 9877,1198| 9940,6935| 10059, 3964 54 
7| 9817,9581] 9877,0095| 9940,9435|  1005y,o514 53 
IJ 9318, 1028| 9876,8992 9941, 2035] 10058,7964 52] 
9 9818,2474 9876,75 88, 9941,4585 loo58S,5414 51 
10, g9818,3919 9876,6784, 9941,7134 10058,2865| 50; 
tr] 9818,5363] 9876,5679| 'y943,9684 19058,0316, 49 
'12 9$18 ,6807 9876, 4574, 9942,2233! 100f7, 7766, 48, 
13 9818,8249| 9876,3457| 9942,4782 1095 7,3217| 47 
14 9818,9691} 9876,2360, 9942,7334 10057,266g| 15 
15 9819,1132] 98761253 994249379 10057,0120| 5 
16 9819,2572 9876,0145 99432427 10056,7578| ,4 
17, 9319,4012} 9875,9036 9943,4976 10056,5024| 3 
18 9819,5450| 9875,7926| [9943,7523| 10056,2476 42 
19, 9819,6888) 9875,6516| '9944,0071| 10055,9928| 1 
(20, 9819,3324| 98755705 99442619] 10055,7380| 40 
21] 9819,9760 9875,4594| 9944-5166| 10955,4833| 35 
22] 9820, 1195] 9879,3481] 9344,7713| 10055,2286| 38 
23] 9320,2629)} 9875,2369] gg45,0260| 10954,9739 37 
24] 9820,4063| 9875,1255| 9g945,2807| 10054,7192| 36 
25| 9820,5495] 9875,0141] 9945,5354| 19954,4645| 35 
26] 9820,6927] 9874,9027] 9945,7900| 100542099] 34 
27\ 9820,8358) 9874,7911| '9946,0446 10053,9553| 33 
28. 9820,9788| 9874,6795| 9946,2992| 10053, 7007 32, 
29] 9821,1217, 9874,5678| 9946,5538 10053,4461| 31] 
30] 9321,2645] 9874,4561] 9946,8084| 10953,1915 30, 
| $11.48. Tangs. [M 


_— 


NS oo eee eo OI OGS:—=— 1 


M' Sin, 41s | | 1 8ne4 1 - = 
39 98212645] 9874,4561| [9946,8084| 10053,1g1 5 zo 
31 9821,4073 9874,3443| [9947,0622| 10012,9370 29. 
32 9g821,5500 9374,2324 [9947,3175| 10052,6824 28 
33] 9B2r,6925 9874, 1205| |9947,572 I10052,4279 ?7' 
34 982r,8350 9874,0085| |9947,8265| 10052,1774 2% 
35 9821,9774 9873,8964| [|9948,c08r0 1005 1,9190 25 
35, 9822,1198 9873,7843| [9948,3354| n0o51,6645 24' 
37, 9822,2620 9873,6721| |9948,5899| 10951,4101, 23| 
z3 9822,4042 9873,5599 9948,8443 loogl,n556 2 
39, 9822,5463 9873,4475] [9949,0987) 10050,9012 21 
49 9822,6883 987393351 99493531 10050,6468, 22: 
41, 93228302 9873,1227] [9949,6075| 10950, 3925| 19 
42 9822,9720 9873,1102 '9949,8618 1c050,1 381, 1 
43 9323,1138 9872,9976| |9950,1162| 10049,8837, '7 
44 9823,2554 9872,8849| |9950,3705| 10049,6294] '© 
45, 9823,3979 9872,7722} |0950,6248| 10049,3752| 15 
46, 9823,5335| 9872,6594| \9950,8791 10049,1208, '4/ 
47 9823,6799, 9872,5465| [9951,1334| 10048.8666/ 13! 
43] 9823,8213| 9872,4336] (9951,3870| roog8,6124| '* 
49 9823,9625) 9872,3206| |9951,6418] 10048,3581| 7) 
50. 9824,1037, 9872,2076] [99g1,8g61| 11048,1039| 1 
51, 9824,2448 9872,0945] 9952,1503| 10047,8496| 9' 
52, 9824,3858| 9871,9813| [9952,4045| 10047,5955| ®| 
53 9824,35267, 9871,8680| [9952,6580| 10047, 3413 7 
54 9824,6675| 9871,7547| |9952,9128| 10c47,0871| © 
55, 9824,8033| 9871.64t3} [9953.1669| 10046,8330| 5. 
56, 9824,9490 9871 ,5279| [9953,4211] 10046,5789| 4 
57 98 25 9896, 9971,4144 995 3,6752| 10046, 3247 3, 
58, 9325,2301| 9871,3008| |9953,9293| 10046,0707| 2? 
$9, 9525,3701 9871,1871| [9954,1833 20045, 8166 | 
60) 9825,9109| 9871,0734 99 54,9374} 10045.$63) - 
ER Jie!) © | Fs. Il 


\M $1.42 $5. Tan.42., "2 Sa 
"ol 9825,5109| 9871,0734 [9954:4374| 10045,5625 
| 9825,6511| 9479,9595 |9954:5914| 10045,3085 
N 9825,7913] 9870,8438 (9954,9455| 10045,0545 
}| 9825,9314| 9870,7319g |9955,1995| 10044,8004 
4 98160714 9870,5179 ([9955,4535, 199445464 
5| 9826,2114\ 9870,5038 |9955,7975| 1004442924 
[6] 9326,z3512| 9870,3897 1y955,9615] 10044,0385 
| | 9826,4910| g870,2755 9956,2r54| 10043,7845 
8| 9826,6307] 9870,1613 [9936,4693| 10043, 5306 
9 9826,7703] 9$70,0470 |9,56,7233] 10043,2766 
ho! 9826,9998) 9869,9325 (9956,9772| 10043,0327 
11] 9827,0493] 9869,$181 \9957,2311| 10042,7688 
13] 9827,1886] 9869,7036 |9957,48530] 10942,5150 
't3] 9827,3279| 9869,58909 [|9957,7395| 10042,2611 
[14] 9827,46711 9869,4744 [9957,9927| 10042,0073 
Is 9827,606; 936943597 [9958,2465| r10041,7534 
16| 9827,7453| 9369,2449 [9958,500z| 10041,4996 
17] 9827,$842\ 9869,1300 |9938,7541| 10041,2458 
1$| 9828,0231] 9869,015zx (9959,0079 40040,9920 
i9| 9828,1619| 9868, goox ,3959,2617 10040,7382 
20] 9828,3006| 9868,785r 9959,515 5; 10049,4544 
21 9828,4392| 9868, 6700 995957692) 10040,2307 
22] 9828,5778| 9868,553438; '\9960,0230 10039,9769 
23] 9828,7163| 9868,4395) [9960,2767 10039,7232| 37 
24] g828,8547 9868,3242 |9960,5304| 10939,4695| 36 
25] 9828,9930 9868,2088, 9960,7841 I0039,2158| 2c 
26| 9829,1312| 9868,0934| [9961,0378| 10038,9621 34 
27| 9829,2693 9863,9778| [9961,2915| 10038,7084, 3 3 
28] 9829,4074| 9867,8622| '9961,5451 10038,4548| 32 
dl 9829, 5454| 9867,7466| 19961,7988| 10038,2011 37 
30 9839.6833) 9867,6398| [9952/0524] 19937,9475| 39 
= $1#.7-4.+ Tan.g7. \M 


[M Snag, | 4's 11 
30] g829,6833] 9867,6308| [9960524] 10037,9475| 30 
31] g9829,$232] 9$867,5150|. * 1903746939, 29 
32] g9829,9;89 ; 9367-3992 400 37.449 3| 28, 
33} ; 9830,0965| 9862,2833 - "XOO37,1867| 27 
34] 9830,2341| 9867,1673 10036,9331| 26 
35] 9830,z570| 9867,0515 10936,6795) 25 
136] 9B30,5091| 9366,g351 loog6,4260| 2.4 
37] $830,6464| 98566,8189 10036,A924, 2 3 
38] 9830,9837, 9866,7026 1083 5,9189) 22 
39] 9830,9208| 9866,3863 LQO35,665 4) 21 
42] 9831,0579| 9866,4698| |096,,5881f 10035,q119) 20 
ſt 9831,1950] 9866,3534 r0035,2584) 19 
42] 9831,3319 9$866,2368 10034,9049| 18 
43] 9831,4688| 9866,1203 10034,6514) 17 

9831,6056 9g866,0036 10034,3979| 16| 
45] 9831,7423| 9865,8368 _ 200344445] 25, 
46 983 1,8789 986537700  10933;8910 L4: 
47| 9832,0154' g865,6531 0083 jtlg 76] 13] 
48 98323,1515 9865,5362 I0033,3842| 12 
49, 9832,2883| 9865,4191 10033,1308, 11 
$0) 98324245] 9865, gout 10032,8774| 10 
51] 9832, 5608| gl6g,1849 10032,6240| 9 
$2 983 26970. 9865,0677 10032,3707 8 
53] 9832,8330| 9364, 9504 10032,1173| 7| 
54] 9832,9690| 9864, 8330 10031,8640, 6 
$5] 98334049] 9864,7156| 19031,6106| 5 
56] 9833,2408| 9864,5981| \996: 10031,3573| 4 
57| $$33»3765] 9864,q4805 10031,T040] 3) 
138) 983,512] 9864,3629| |9969,1493| 10030;8507) 3) 
59 9333,6478] 9864,2452| [9969,4025| 10030,597, 1: 
5) 9912743 98691274) Iape9158| 10990994! 0 
| | Sin,g7. | Tan.g7. | M 


Mj Sings oe Tenegre |_| | 
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Lefbori pratice Matheſeos ftudioſo, 


ANON noſter vſum habet, in Triangulorum ſpheci- 


corum ſolutione, cundem quem tabulz Simxwm refto- | 
rum & Tangentiuws- ab alijs editz, ſed praxin paulo facilio- | 
rem. Nam corum Re por additionem,& divi- | 


ſionem per ſubtrationem, & cxt; 


ionem radicis quadra- 
tz per bipartitionem cvitamus. 


Veſt datis tribus lateribus quzratur avgulus, cri 


Vtre lum ſub Swobw crurum, 
ad quadyatum Rady: 

Ita re m ſub Sinibue ſemiſummetrium laterum, 
& differentiz inter hanc ſemiſummam & baſin, 


ad quadratum Co-/inue ſcmianguli queſiti, 


Ecintri primz paginz Þ Z S, (referente Polum 
Zenith tb tit 


1, 39, & Z $ Gr.qo,fi quzratur angulus P Z S,cuius baſis 


_ eſt P S:ſumma laternm eric Gr.148 44.30,ſemiſamma Gr 74 
- M, x5,differentia inter ſemiſummanm & bafin Gr. 4. A. t5. | 


Hic nos pre quadrato Rady ponimus 20000,0000 Rady 

, cui addimus 9983, 3805 Sinum Gr, 74, HA. 1s, 
8869 8679 Sinum Gr, 4, CM. ry, fient 388 53,2484.Dcinde 
pro reangulo diviſore addeates.g794, 1495 Sinwm Gr. 38 
A, 30, & g808,0675 Sinum Gr. z0,tacimus 19602,2170,6 
auferimus & 38853, 2434, ira reſtant 19251 0314. Horum 


| ſcmiſſiseſt 9625,x1 57 Sinus ſemianguli externi Gr.24, M.58 


S, 24: & Co-ſiwns ſimianguli interni Gr. 65, If. I, S, 36, & 
proinde totus angulus quzſitus eſt Gy, 1 zo, 2. 3, S. 12. 


"X LN” < 


)datislateribus, PF Gr. 70, & Z P Gr.38. 


| 


% 


Quod fi quis pro Sizibarauferendis t coram com- 
 plementa a4 Radinm, non alia indigebit ſuberaRtiones Ve pa» 


terepoteſt ex collatiogc ytriaſque praxeoss \ 
Gr, AM. " 
70 © 
38 30 9794, 1495 * - 203;$8505 
49_0o _. g8ob,0675, 191,9325 
—__ - 0 | 
74 15 9983,3805 9983,3805 
4 15 8869, 8679 $869,8679 
20000,0000 


853 24 
Gr. M.S. 1 :5 Fo Gr, 24.5. 19251,0314 


24 58 4+. + X25,5757- 65 1:36 g625,5157 
49 56 F Ne Ho 3 12 


Eadenfatione>ſed maiert compendio, folvuntur cztera 
que quzri folent in triangulis ſphericis, ſine ope Secantiuns 
aut Sinnur verſotwm, vt piuribus mon fit opus aut preceptis 


aut c_—_— | 
Idem fi defideres in triangulis reA1lineis, adiunge hoſtris, 
Amici & College Hevrici Briggh Logarjthmos. Nam co ni- 
eimur fundamento, codem ytimur operandi modo, 
Vale, & fit heccibi gratia fuerint; plura 4 nobis in hoc ge- 
nere expecta. | 
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The firſt thouſand Logarichmes 


now againe ſct forth by the Authour 

Henrie Briggs profeſſor ot Geometrie in the Vni- 

verſitic of Oxford, who undertooke this worke at the 
entreatie, and with the approbation of the firſt In. 


venter of Logarirhmes,worthy of all honor, 
Tohn N;peir Baron of Merchi/ton, 


T He Reader hath here a ſhort view of thoſe 30000. 

Logarnthmes, which are now coming forth uu _a- 

tin, and hercatc rin Engl (h, which will atfoord us, 
The Quimteflence of the Golden rule. 

The valuation of Annuuies, and the ſolution of all 
ordinury 0;jHcuit queſtions of t! at kind, | 
The quantitie of any flaine Triangle , whoſe ſides 
are given, rogether with cthealtitude thereof :the Dia- 
metcrs of the Circles inſcribed and circumſcribedz and 

the quantitie of any of the Ang'es. 
The Diameter bc ing give,the circumference & Area 
of a Circle,and the Superficies and Soliditic ofa Globe. 
T he quantitic of a''y round Caske. 
And ſo neareas may be, the ſquaring of a Circle,the 
cubing of a Globe, the doubling or trivling of a Cube, 
And 1n generall, The enlarging or diminiſhing of any 
plaine or ſolid figure, keeping the ſame forme z or the 
transforming it in any proportion aſſigned. 
T he altcration of the ſides of any given plaine Tri- 
ang'e, keeping the ſame Area, and the ſame Perin cter, 
The defcriprion of a Peripherle,cvery point whereof 
ſhall fro che three angles of any give T riangle, keep the 
diſtances accordi ng to any poſſible proportbs aſſigned. 
Having two ſides ofa right angled Triangle given, 
to find thee third : and generslly all that may bce found 
in all right lined Triangles whatſoever. 
In tenus ſed now tenur fruftuſve laborve, 
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Toreriihes 
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| Of 
2 301,02999 
047712125 
4, 5,502,059 39 
5| 0,693,97900 
| 6 O,778,t5 125) 
7 0,845,0980 


1025,00990 


TS RVXO__——— <— 


1541,39269 
1079,181 25 
1113,9433$S 
1145,128 24 
1176,991 26 


1204,11998 


1230,44892 
IZ55,27251 
12 78,75360 
1301,02999 
1322,21 929 
1,3 42,42268 


L330,2112 


Foes 


17 97,94901 


t414,97335 


1431,36;76 


1447,153 03 


1452, 39800 


1477,1Z125 


lemme <rs —eoe 
1491, 35169 
1505, 14998]. 
1518,51394 

| _1531.4759 


4 
0,993,08999 
0. 954,24 25 I 


' 17932, 39376 


13819,54394 
_ 1826 07485 


—— — —  —— 


IS$ 1347892) 
I 544405304] 
r556,30250 


1579,78360 
I591,0546r 
= 44A 
1512,78386' 
1523,24929, 
1633,45845 
164345268 
1653,2125t 
I 652,75783. 
1672,09785 

1681, 241 14 
1690,195038' 
1698,97000 
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1707,57v1 s 
1716,003 34 
1724,275837 


ra00g0 129 
1748,18303 
1755,37435 
1763,42799, 
1770,85201 
C77 Beaorey 
178543 2934 
1792,39169 
1799, 34255 
ads 
T023,9213 
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Logarithn, 

1326,07480 
1832,50891 
1838,84 909: 
1845,0984 | 
1851,:58 35 
t857,33250 
186 3,322865 | 
1599,23 i &- 
1375,06 126, 


| — ———— -————_— —T 


1880, 8 359] 
1886,49073; 
1892,09460 
1897,62709 
1993, 98999 
1968,48502 
1913,81 385 
1919,07809 
1924,279 29] 


1934,49845 
1929,$19:5 
1944445 :67 
I 949, 39001 
1954-24251 
1959,04139 
1953,7878; 
1958,4g295 
1973,12785 
1977,72 361 
1932,27123 
1986,77173 
1991 ,22G608 
1995,63519 
2000,00000 


IOI 


* 2103 ,803 73 
2107,20997 


2012, 83722 
2017,033734 
2921,18930 
:025, 30587 
2029, 3837s, 


203 3,42 376 
2037,42650, 


2041,39309 


02 
2045-32298 <4 ing 


2049,21502 | 


205 3,07844 
2056, 90485 
2060,69784 
2064,45799 
2068, 18586 
2071,88 201 


; 2075,54696| 


20794181 125 
2082,785 3 37 
z086, 35983 
2089,90511k 


2093,42169 
2096,91001 


2100,37055 


2110,58971 


2113-94335 
2117,27130 


2120,57393 
2123,8516 
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348938 


2127, 104g0; 


Dif. r,, Ni Lo goithms. | Difer. 


2127,10480/- 


429880 


423795 
419612 
415599 
411657 | 


389504] | 
35860g2 
3826041 
379299 
376015 
372787 
369615 
366495 
363429 
360412 
357446 
354528 
351658 


346054 
343337 
340625 


337974 
335364 


332795 | 
330263] 


327771] |— 


335316 
322897 


2204,11998 


2130,33377 
21333538391; 
21 36,72057| 
2139, 57909 


— wa OC No 


2149,21911 


2152,28834 


2155333604 

2158,36249 
2161,36800 
3164435286; 
2167,31733 
Zi 70,26172 
2173,18627 
2176,09126, 


21 3178 97695; 
2181 184359 
2184,69143 
2187,52072, 
219093 3 3170, 
21 193,1 2460 
2195,89965| 
2198, 65709. 
2201,39712 


7106,82588 


2209,51501 
2212,18760 
2214 $4385] 
2217,48394 
3250, rofog] 
222 2,7164 7| 


| 
267259 
265625 
264009 
262415 
16083 
2592 St 


2301 ,02999| 


_ Logarithm, 
2222,71647 
22 25,30928 
2227,88670 
2230,44892 
2232,99611 
2235,52 845 
2238,04610 
2249,5 4925 
224303805 


-——— 


22455 I 267 
22479 1327 
2250,420c0 
2252,85303 
2255,2725 I 
2257,67857 
2260,07139 


[3 


2262,45109 
2264,81782 
2267,17173 
2269,51294 
227184161 
2274,1 5785 
2276,46180) 
2278,75360 
2281,03337 
2283,30123 
2285,55730 
2287,8017; 
2290, 02461 


2292, 25607 


2 29 4;4662 3 
2296, 665 19: 
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219897 
218789 
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Log arithms. 


_ 2305,35137 


2365,48798 
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230 3,19606 
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213413 
212369 
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19c063 
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$309,00 586! 

2371, 06786. 
2372,91300' 
237474535 


2 376,57696- 
2378,39790 


2 380,21 124 
2382, 01704, 
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a1 
2387,38983| 


23 89, 16508} 
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2411,61971 
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2418, 30129 
2419,95575 
2421,60393 
242 3,245 87 
2424,88 164 
2426,5 1126 
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182094 


151334 
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179833 
179090 
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177625 
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176184 
175473 
174767) 
174066 
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172682; | 


17 1993) 
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197359 
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164194 
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426,51126 

2428,13479 
2429,75 228 

2431,36376| 
2432 ,90y29' 
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2436,16265' 

2437,75056| 
2439,33269! 
2440, 90908 
244247977 
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2448,7063 327 
| 2450,9491 ll 
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101749] 
161148 
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159951 
io 


158591 
159213 
1576039 
I57069 
156593 
155940 
155383 
I54829 
154279 
153733 
, "I 2"P® 
152652 
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Logaritbm." | 
2478,5665 
2,480,006 
| 2481,44263 
2483, 87358 


2484, 29984 


2459,73143 
2487,13838 
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| 334| 2523,74647 12983 4 
144944 1335 2525,04481 129447 
143569 336 2526,33928 129962 
90 337| 25237,02990| 9259, 
S—_— 338 Ano r28300 
142159 339, 2530,19970 127922 
henn25| [340] 2531,47892 127546 
IF. yI= 8 
141 32 341] 2532,754 3 127173 
rl 342  2534,Q2611 1268071 
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One ' 1362! 2558,750857 119806 
% TH 255 9,9066 3 11947sS 
131405 364 2561,10138 119145 
I 33009, 365] 2562,29286 118823 
1300n5 [366 1366 2563,48109 rat 
[rd * 1367] 256466606] 118175 


: ol Logaritom f Differ. | |N#,) Logarivhm. ( Deffer 
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1368 2555,84782) 170 A 3,14437| 1081683 
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373) 7 es proba ne 25 0853609] + et 
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1376 2575,18734 * 84 " edt reve! 
377, 3575,348 | o. 2513,723"2) 105790 
boy Wrong tia, Nr opw _ 
379) 2578,63921 $444 0 ae, 9722] 105393 
380 2579,78360 114439 4A —_— 105989 
 Shopigos, 114831 Fs, Sitog316 104776] 
332) 2592,063 36 113838 r5, 518,043 10 * 2104523 
\83| 2583,19877 113541 = WP 104372 
384) 2584,33132 113245 |0'8! 2 20,8360J[ * 204023 
*$5| 2585946073 TEA rg 103774 
236 2586,587 39 112057 w_ pps 103527 
357 2587,71097) 11239 \ot ee 103281 
(33s 2538,$3173| des = 040 103035 
339] 2589,94960 $64.64 423 In 102797 
390] 2591,95401 E924 RE 3436 102549 
Sun 9 21 | 2/32 | 
91 2592,17676 Does! 425 628,389; 102307} 
1392 2593 2850 | — m_———_— 102097 
| > 7| 110648 26 2629,40900 / 
393 2594, 39355 I 6 | 42 26? vr 101820 
[294] 2595149632 110088 [428 Bw 10258 
795 2596,59789| rog8og, 922: 144099) + 10036" 
206 — 109809, },. 32245.729| 101117 
39 2597,69519] 10 q 3© 263 3,46346| 067 
94 976900) 109929 By! 2554ag300 rea6 
3 26009972 298 993 3 R 35 48.375 100415 
| 108709/ 3636, 497 
| zoo\  2602,05999 100183 
, 108433 1434] 2637,438973) 99953 
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Logarithms. |\ 

2637,48973| 
263 8,489 26 
2639,48649 
2640,48144 
2641.47411 
2642,40452 
2643,45265 
2644,4385y 
2645 ,4 £327 
2646,49373 
2647,38257) 


2648, 36001} - 


2649, 33486|" 
2650,30751 
2531,27501 


2653,21251 
26 54,17654 
265513843 
2636,09820 
2657,05585 
wt 
2658,9648 4 
2659,91620 
2660, 86548 
2661,84 26g) 
266237578 3 
2663,70093 
2664,64198 
266;.5809 


6635.4798| 


6! 745 295 


2568. 38592 | 


| 2669, 1688 


| \ Diſſer. 
99953 
99723 


99495 
99267 


99041 
98815, 
98591 
98368 
98146, 
9792 4 
97704 
"97485 
97266 
97 049 
96833 
96617 
96403 
96185, 
95977, 
95765) 


95555, 
95344, 


95136 
94928 
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(467 2669, 3 EE 


| 2685174174 


Logarithmn. | 
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2670,24585 
2671,1728 

2672 09936 
2673,02091 
267 3,94 200 
2674.85 I1l4 


267577834] « 


2676,69361 
26 77,60695 
2678,51838 
2679 42790 
2080,33551 
2081324124 


2682,14598 


2683,04704| 5 


2683,94713 


2682,63627 
2657,5 2896 
2688,41982 
2 689, 30886 
2690,1 9608 
2691,08149 
2691,95510 
2692,84692 
2693,72695| 


| 2694,605 20/ 
g6 2695,48158 
2696,3 563 
s, .2697,329 3 
; 2698, 2005 5 
, 2698,9700 
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on ee. 4 


my : _ « | 

Ni denn het moron -0 
| > CT = 
or 2699,83773. nw _ cool 
Foal, 3708 $6909 $6255 2729,16479 
_DY 85 2729,97 429 
5 co 's $591 2730,78228 
209] | LIE 85 2731,58877 
S0f 1 —_ _— 2733,39376 
= —_ 1] $5407 2733,19727 
oy_ EW 85 27339992 9 
"P 2707,57018 85072 27347998 3 
2 #-="= 50 2735,59890 

1] 2708,42090] 8490 | 
"= 26996] 84741 27 JS200ES 
"ay Dr 84575 2737-19264 
(ok, vs _ 8441! 273798733! 
5g 2727 he $247 2 738,78056, 
19 LI9P gi FH 2739557234 
$16; 2712,64970 5p | 2940, 36269 
517 by 83760 2741,15160/ 
ba 2765 20504 $3598 Rn 

| GY - AS 2 2 
520 2716,00334 83438 DE 
521 271693770 $3278 2744-29298 
v 206, 2 82960 2745,07479 
« 1 2719433129 82801 2745»85520 
oY - O| $264. 2746,63420 
(525 2720,15930| $2 44 2747 41181 
[526 2720,98 574 . a 27.45,1880 3 
'F27 2721,81062 33 - 48 56286 
'$238| 2722,63392| $2175 740, : 
9 : $ 2749,73632 
($29| 2723,45567| $2020 
n= 27587' 8185 2750,59839 
$30) 272427507; 4 : 2751,27910| 76 
Ao Boy je phe 2752,04845, 
932" $1405 275281643! 
$33 706 "Das- tos 5 
$34 2727-54130| o125 mm—_ 
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UE [EB 
i567 2753,58306| 75525] '601] 2778,87447 73204 
568] 2754-34834] 79393 [602 2779,59649| 72082 
569] 375511227} 70259 603 2780,31731} 7196; 
[570] 2755,87436| 76125] 604] 2781,03694) 71843 
$74] 2756,63612| 75992 605] 2751375537 71725, 
$72] 2757,39603| 75059, Go6} 2752,47262| 71607: 
573] 275.1546: | 75757, 607] 3783,1886,| 71489 
$74] 2758,91189] 75595) 6o8| 2783,90358 71351 
'575| 2759,667d4 75454 609] 2734,61729| 71255 
576 2760,42248 73333 610 275;.3298, 71157 
577] 2761,r7581| 75203] 6rr a 0panfung 71021 
578] 2761,92784| 7597% Gta 2756,75142; 70905 
1579 2762,67856' 74943] 543] 2757,46047] 72790 
i580] 3763,42799| 74814) 74 2738,168z 7! 70675 
| 2764,17613 74685) 215 2755,6751 2 79359 
'582] 2764,92298| 74557] [616] 2789,38-74| 70445 
2765,66855| 74430] [617] 2799,28516 70332: 
2766,41285 74302 618, 2790,98843| 70217 
2767,15587| 74175 149 2791,69065| 70104 
2767 89762 74048 [229] 279239199 69991 
2768,63810, 73933] 624] 2793,09560| 69875, 
2769,37733| 73796, |6n2 279379038) 69767 
2770,11529| 73672) 623] 2794,48805| 69554 
2770,85201' 73547 $24] 2795,15459 99543} 
277t;58748 73413 £25] 2795,55022! 6g,z1! 
2772,32171 73298 626| 2795,57433 Wo3urj 
2773,05469. 73175] 627] 2797,26754| 09210 
2773378644| 73053! 628 279795964 69101 
2774,51697; y$2929 $79 2798,65065] 05999 
2775,24626 72807 uk 2797434055) 68881 | 
2775397433 | 72685 '631] 2800,02936| 68772, 
2776,70418/ 72564 632] 2800,71708| 68663) 
277 7,42682| 72443; 033] 2801,40371 68555! 
3778,75125|_73322|_ 1634) 2802,08926 65447! 


L 


Lacarithm. | Differ 


'NF Na Logarithm, Dife| 
1634 2802,08926] 68447] 667 2824,12583| 65063 
635 2802,77373 68339] $68 282 4,77646| 64966 
636 2803,45712| 68331] $69 2825,42G1 Z 64858 
637] 2804,13943] 68125] $79) 2826,07459 64772 
638] 2804,82068| 68018] (671| 2826,72252| 64675 
639] 2805,50086| 67911 Gal 2827,36927, $4579 
640] 2506,17997 67ies 673]. 2828,01506, 64484 
Carl 2806,85803| 67700) |574) 2328,659,0 64337 
642) 2807,53503 67594 575] 2529,30377| 64294 
643] 2808,21097] 67490| [676 2829,94670| 64197 
644; 2808,38;87| 67384| [677 2830 588567) 64102 
645] 2309,55971| 67281 678 2831,22969| 64008; 
'646 28$10,23252) 67176 ($79 2831,86977| 63914 
647] 3810,90428| 67073 |580| 2532, 50891| 63829 
648] 2811,57501| 65969 [681 2833,14711| 63726 
'649| 2812,24470, 66866, 1683 2833578437 63633 
65o| 2812,91336| 65763) [583] 2383442070) 63549 
651] 2813,5809g 66661! 684 2835,05610, 93447, 
'65 2] 2814,24760] 66558 —þ] 2835,69057; 63 355, 
653] 2814,91318| 66457 [585] 2836,32472) 63262, 
654| 2815,537775| 66355 [687] 2836,95674, 63170 
655] 28216,24130} 66254 (688) 2837,z8844' $3075 
656 2816,90384| 66153 58] $338 21922, 62987) 
657] 2817,56537 66053 |630, 2838,84909| 62895 
.658 2818,22589| 65952: 691, 2839,47305 6:804 
'659| 2818,88541| 65853: [692] 2842,106c9 ©2714 
660] 2319,54394| 65753] [693] 3849-73323) ©2524 
561] 2820,20145| 6565z| [694 2841,35947, ©2533 
662] 2820,85799| 65554, \695| 2541,98480| 62444 
663] 2821,51353| 65455| 696) 2842,60924| 62354 
664| 2822,16808] 65357 697 2843433278| 62264 
665 2822,82165 65258 698| 2843,35542 62176) 
1566] 2823,47423) 65160 1699, 28 44,47 715| 62086! 
(667. 1$24,12583| 65063 [200 28.45,09804 61998 
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| N# Logarithm. _ Differ. = Logarithm * Differ. | 
701] 2845,71802] 61909 Zi 2865 ,69606 
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702] 2846,337911] 61822) [735| 2866,28734 
703] 2846,95533] 61933 2866 87781, 
704 2847,57266| 61646; 737, 2867,46749 
795} 2848,18912| grgcs! [738 2858,05636' 
706 2848,80470 61471 7 39 28368,64444 
707} 2849,41941 61385 7.49 2869,23172 
708| 2850,03336] 61298, |741| 2869,81827, 
709 28 50,64624 G121r , 1742 2870.4939 [| 
710 2851,25835 61125: [743 2870,98881 | 
711} 23851,86960| 61039 [744 2071957294| 
712} 2852,47999] 6oggg| [745| 2872,15627 
713] 2853,089; 3] 60868 [746| 2872,7388; 
714] 2853,69821 60783 747| 2873,32060' 
715] 2854,30604 70698] [748] 2873,90160 
716| 2854,91302] Gob614g) 1749 2874,43182 
917] 2855,51916| 60528] [750 2575,06126 
718] 2856,12444] 60445] [752} 2875;63994 
719] 2856,53889| 60361} « [753] 2876,21784 
. 720] 2857,33250 60276] [753| 2576,79498 
721] 2857,93526 60194 754) 2877,37135 
722] 2858,53720| 60110 [75s 2877,94695 
723] 2859,13830] 60027| |756| 287852180 
724) 2859,73857] 59944) |757| 2879,09588, 
725] 2860,33801 59861 758| 2879,66921 
1726| 2860,93662 59179) 759| 2830,24178 
727] 2861,53441| 59697 [709 2880,8$1 359 


[729] 2862,72753| 595331 1762 2881,95497 
1730 = $9452 763 2882,52454 
73") 2863,91738 59370] [754] 2883,09336 
232} 2864,51108 59289 765 2883,66144 
733] 2863,10397, $9209 766) 23884, 22877 
1734 2865,69606| (91 28| 67' 2884,79536| _ 


1728] 2862,13138! 59615| 1761 2681, 38466) $7031 
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Nal «| Differ| | Ni, Logarithme = 
767 288499576 56586] B8or| 2903,63252| 54185) 
1768] 2885,361 22 F6x5r2] j80 2904,17437| $4118! 
769| 2385,91634 56439] [803] 290471 555] 54950 
770] 2886,49073'" 56365) [804] 2995325605| 53983 
771i 2387,05438 $6292 805] 2905,79538| 53916 
1772 2887,61730 $6: 219] 3806 2905,33 504 53849 
[773] 2888,17949 $6147] [807] 2906,87353: $3783 
774 2883,74096 56074 808| 2907,41136 53716 
775| 2889,30179, 6002) [309] 2997 94852 53650 
776| 2889,89172) 55030) [810] 2908 48501 $3555 
777| 2890,4q2102 $55358| |811| 2999 02085 53518 
773| 2890,97960 557586 $13] 2909,55603 5 3452. 
[779] 2891,33746 55714) [313] 2910,09055 53385 
780| 32892,09469| 5523 [314 2910,62440 53324 
781| 32892,65103| 55572) [$15] 2901,15761| £446, 
782 2893,20675 5550r1| [316] 2911,69016 53190 
73 2893,76176 55430] [819] 2912,22206' 53124 
784] 2894,31606| 55360| |818] 2912,75330| 53060 
75 289 4,86966 55289 819] 2913, 28390! 53995. 
786 5355-000 53218 320 291  3,$1385| 52937 | 
1787 2895,97473 $5149] |$21| 29: 4.34316 52866: 
788 2896,52682) 55078] [822] 291, 87182 52802 _ 
(789| 2897,07700 55099| [823| 2915,39984' 52737 
790 2897,62709, 54939! [824] 2915 92721) 52674 
791 2998, 17648 $4870 B25 2916445395 52610 
792} 2898 ,72518 54301] 826] 2916,98005| 52546 
[793] 289927319 54731| [827 2917, 50551! 52483 
(794| 2899,82050] 54663 $28 2918,03034|\ 524'9 
795| 2900,36713 54594] 1529| 2918,55453{ 52356 
796] 2900,91307| 54525] |339, 2919,07809| 4.03 
797] 2901,45833}) 54457| j831] 2919,60102| 52237 | 
798] 2903,00289} 54389| [B32] 2920,12333| g2167 
799} 2902,54678] 54331 33 2920,64500 52105| 
\$00 2903 ,08999, 54353! 1834] 2921,16605 | 52043 
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ie Differ;  Logarichm, \ Differ, 
834] 2921,16605] 52043 | Wn en 50063 
$35] 2921,68548 519380 565, 2938,51973| $0005 
836] 2922,20627| Flg18 $69, 2932,01973| 49947 
'$37| 2922,72545| 51856] [$79] 2939,5ig25| 49891 
B38} 2923,24402) 51794] '871 PEER 4 49832 
'839 2923, 76196, $1733 972 2940,51648 49776, 
649; 2924,27929, $1691] '873 2941,01424) 49719| 
841 2924,79600 g1609| B74) 294151143] 49662) 
842] 2925,31209| 51548] 875) 294200305] 49595) 
$43 2325,82757| 514583] 876, 2942,50411| 49548! 
$44] 2936, 34245 51425] 877 2942,99959| 49493 
1-45 2926,8 37 .51365| (878 2943-49453] 49436 
846; 2927;37036| 51305| |879 2943,98888| 49379 
847] 2927,88341] 51244 359 294443267) 49324 
[848] 2928,39535| 51184] [881] 2544,97591] 49268 
349 3$323,9076g) 51124| |882| 2545,46859| 49211 
850 2929,41393| 51063] 1383] 2945.96070| 49157, 
851] 2929,92956| 51003| |554| 2946,45227] 49100/ 
852) 29304395 50944) |335| 2946,94337| 49045! 
B53] 2930,94903) 50884) (886! 2947,43372] 43999 
(354) 2931,45787| 50324 $8, 2947,92362| 49935 
355] 2931-96611] $0765] 1338] 2948,41297] 43879, 
8565] 2933,47376, 50706 859 2948,90176| 43825 
857] 2932,98082| 50647] [999] 2949,39001| ,3769 
858] 2933,48729| 50587] |891| 2949,87770| 48715 
859| 2933299316| 50229] [392] 2950,36485| 48661 
85e 2934,49545| 50470] |593| 2950,85146| 48606 
mou 2935,00315] 50413 594 2951,33752 43552 
862] 2935,50727| Joz5z| |95| 295182304| 48497 
(863 2936,01080| 50294| |896] 2952.30801| 48443 
854 2936,51374| 50237 97] 2952,79244) 48390 
865\ 2937,01611| corpg| [898] 2953,27634 48335 
B66 2937,51739| 5ol2i| 899] 2953,75969| 48252 
867 2938.01010' 50063: 1900 2954,24251| 43228) 
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29 55,2005 
2955,68775 
2956,16343 
2956,64858 
2957,1282 
2957,6072 
2958,08585 
2958563838 
2959, 0413 
2959-51835 
2959:9940 
296044797 
2961 ,q47 49 
29618954 
2962,36934 
2962,84268 
2963,31551 
2963,7878 b) 
2964,259 63, 
2964,7 3092. 
2965,20170 
2965,67197 
2966,14173 
2965,61099| 
2967 07973 
2967,54798 
296801571 
2368,40 295 
2968 94968 
2969,415g1 
2969,881 64 
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2972 665 9 
2973r»7bg 
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2714:035090, 
2974,5 1169 
2974 497199, 
2975 43181 
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2976434998 
2 976,80834) 
2977,26021(; 
2977,72361 
2978 18052 
2978,63695| 
2979,09290 
2979,54d37| 
2980,003 37 
2980, 45789 
2080,91194 
2981,30z51 
298 1,S18063 
2982 271 23| 
2982,72339) 
298 3,17507 
29383 62629 
2984,07703 
9402700 
2984,97713 
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2998 ,695 26 


99 

99 

9 

m_ 23 {990 

2991, 2260 | 1997 
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